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Chapter 1

OVERVIEW: THE DESIGN, IMPLEMENTATION, AND ANALYSIS
OF THE 1996 STATE ASSESSMENT PROGRAM IN SCIENCE!

Nancy L. Allen and John Mazzeo
Educational Testing Service

1.1 OVERVIEW

In April 1988, Congress reauthorized the National Assessment of Educational Progress
(NAEP) and added a new dimension to the program [ voluntary state-by-state assessments on a
trial basisin 1990 and 1992, in addition to continuing the national assessments that NAEP had
conducted since itsinception. In 1994, Congress authorized athird Trial State Assessment for
administration in 1994. It should be noted that the word trial in Trial State Assessment refersto
the Congressionally mandated trial to determine whether such assessments can yield valid,
reliable state representative data. Enough experience had been gained for Congress to authorize
State Assessments, rather than Trial State Assessments, to be conducted in 1996. In this report,
we will refer to the voluntary state-by-state assessment program as the State A ssessment
program. The State Assessment program, which is designed to provide representative data on
achievement for participating jurisdictions, is distinct from the assessment designed to provide
nationally representative data, referred to in this report as the national assessment. (This
terminology isalso used in all other reports of the 1996 assessment results.) All instruments and
procedures used in the 1990, 1992, 1994, and 1996 state and national assessments were
previoudly piloted in field tests conducted in the year prior to each assessment.

The 1990 Trial State Assessment program collected information on the mathematics
knowledge, skills, understanding, and perceptions of a representative sample of eighth-grade
students in public schoolsin 37 states, the District of Columbia, and two territories. The second
phase of the Trial State Assessment program, conducted in 1992, collected information on the
mathematics knowledge, skills, understanding, and perceptions of a representative sample of
fourth- and eighth-grade students and the reading skills and understanding of a representative
sample of fourth-grade students in public schools in 41 states, the District of Columbia, and two
territories.

The 1994 Trial State Assessment program once again assessed the reading skills and
understanding of representative samples of fourth-grade students, this time in 44 participating
jurisdictions. The 1994 program broke new ground in two ways. The 1994 NAEP authorization
called for the assessment of samples of both public- and nonpublic-school students. Thus, for the
first timein NAEP, jurisdiction-level samples of students from Catholic schools, other religious
schools and private schools, Department of Defense Domestic Dependent Elementary and
Secondary Schools (DDESS), and Bureau of Indian Affairs (BIA) schools were added to the
Trial State Assessment program. Second, samples of students from the Department of Defense
Dependents Schools Office of Dependents Education (DoDDS) schools participated as a

!Nancy L. Allen isthe Director of Data Analysis and Scaling, NAEP Research, Educational Testing Service. John
Mazzeo is the Director of NAEP Reporting, Educational Testing Service.



jurisdiction, along with the states and territories that have traditionally had the opportunity to
participate in the Trial State Assessment program.

The 1996 State Assessment program, described in this report, collected information on
the science knowledge, skills, understanding, and perceptions of a representative sample of
eighth-grade students in the jurisdictions shown in Table 1-1; Department of Defense Education
Activity (DoDEA) school students were assessed at both grades 4 and 8. The grade 4 assessment
of DoODEA students was a special assessment supported by NCES. In addition, grade 4 and grade
8 students were assessed for athird time in mathematics (see the Technical Report of the NAEP
1996 State Assessment Program in Mathematics, Allen, Jenkins, Kulick, & Zelenak, 1996).

A specia feature of the 1996 State Assessments was the introduction of new rules for
student inclusion in NAEP assessments. Half of the schools selected for participation in the 1996
assessment used the old inclusion rules to determine whether students should be included in the
assessment and the other half used the new inclusion rules. In addition to the two groups of
schools using the old and new inclusion rules without offering students special testing
accommodations, the 1996 national assessment included a third group of schools that used the
new inclusion rules and offered students within those schools accommodations to the standard
NAEP administration procedures.

The accommodations provided by NAEP in the national assessments were meant to
match those specified in the student’s individualized education plan (IEP) or those ordinarily
provided in the classroom for testing situations. The most common accommodation was extended
time. In the State Assessment, no special accommaodations were offered.

The new inclusion rules are applied only when a student has been categorized in his or
her IEP as a student with disabilities (SD) or as a student with limited English proficiency (LEP);
all other students are asked to participate in the assessment. For this reason, the sample of
students that were selected for most analysis and reporting purposes for science consisted of
students who were not categorized as SD or LEP students and students from the schools using
new inclusion rules that were categorized as SD or LEP. The students who were not categorized
as SD or LEP were from all schools no matter which set of inclusion rules were used. The
advantage of this reporting sample is that it makes use of most of the data from the assessment
and begins a science trend line for the State Assessment program with the new inclusion rules.

Special analyses that used the national science and mathematics assessment data to
compare the old and new inclusion rules and examine the effect of offering testing
accommodations, indicated little difference in proportions of students included in the assessment
using the old and new inclusions. More students were included in the assessment when they were
offered accommodations; however, a portion of students who would have participated in the
assessment under standard conditions were assessed with accommodations when they were
offered. A result of this is that fewer students were assessed under standard conditions when
accommodations were offered.

Table 1-1 lists the jurisdictions that participated in the 1996 State Assessment program.
Over 125,000 students participated in the 1996 State Assessment in science in the jurisdictions
shown. Students were administered the same assessment booklets that were used in NAEP’s
1996 national science assessment.



The 1996 NAEP science framework and assessment specifications were devel oped for
NAEP through a consensus project conducted by the Council of Chief State School Officers
(CCSSO) under funding from the National Assessment Governing Board (NAGB). During this
development process, input and reactions were continually sought from a wide range of
educators and professionals both within the field of science and external to it. Hence, for grade 8,
the assessment provides the first opportunity to report jurisdiction-level datafor a NAEP science
instrument for those states and territories that participated in the 1996 State Assessment program.
In addition, questionnaires completed by the students, their science teachers, and principals or
other school administrators provided an abundance of contextual data within which to interpret
the science results.

Table1-1
Jurisdictions Participating in the 1996 State Assessment Program in Science®
Jurisdictions

Alabama Georgia Mississippi Rhode Island
Alaska Guam Missouri South Carolina
Arizona Hawali Montana Tennessee
Arkansas Indiana Nebraska Texas
Cdifornia lowa Nevada Utah
Colorado Kentucky New Hampshire Vermont
Connecticut Louisiana New Jersey Virginia
Delaware Maine New Mexico Washington
DoDEA/DDESS Maryland New York West Virginia
DoDEA/DoDDS M assachusetts North Carolina Wisconsin
District of Columbia Michigan North Dakota Wyoming
Florida Minnesota Oregon

The 1996 State Assessment in science was conducted at grade 8 only, although Department of Defense Education
Activity (DoDEA) school students were also assessed as part of a separate special assessment.

The purpose of this report isto provide technical information about the 1996 State
Assessment in science. It provides a description of the design for the State Assessment and gives
an overview of the steps involved in the implementation of the program from the planning stages
through to the analysis and reporting of the data. As stated previously, the 1996 State Assessment
in science was conducted at grade 8 only, although, as part of a special assessment, DODEA
students in grade 4 were also assessed. The report describes in detail the development of the
cognitive and background questions, the field procedures, the creation of the database and data
products for analysis, and the methods and procedures used for sampling, analysis, and reporting.
It does not provide the results of the assessment O rather, it provides information on how those
results were derived.

Thisreport is one of several documents that provide technical information about the
1996 State Assessment. For those interested in performing their own analyses of the data, this
report and the user guide for the secondary-use data should be used as primary sources of
information about NAEP (O’Reilly, Zelenak, Rogers, & Kline, 1997). Information for lay
audiences is provided in the procedural appendices to the science subject-area reports; theoretical
information about the models and procedures used in NAEP can be found in the special NAEP-
related issue of théournal of Educational Satistics (Summer 1992/Volume 17, Number 2) and
in previous national technical reports. Further, $hience Framework for the 1996 National



Assessment in Educational Progress includes a discussion of the processes and specifications by
which the framework was developed (National Assessment Governing Board, 1993). For more
information about the science assessment and the characteristics of the itemsin the assessment,
see The NAEP 1996 Technical Report (Allen, Carlson, & Zelenak, 1998).

Under a cooperative agreement with the National Center for Education Statistics
(NCES), Educational Testing Service (ETS) was responsible for the development, analysis, and
reporting of the 1996 NAEP programs, including the State Assessment. ETS was responsible for
overall management of aspects of the programs aswell as for devel opment of the overall design,
the items and questionnaires, data analysis, and reporting. National Computer Systems (NCS)
was a subcontractor to ETS on both the national and State NAEP programs. NCS was
responsible for printing, distribution, and receipt of all assessment materias, and for data
processing, scanning, and professional scoring. All aspects of sampling and field operations for
both the national and State A ssessments were the responsibility of Westat, Inc. The National
Center for Education Statistics (NCES) contracted directly with Westat for these services for the
national and state assessments.

Thistechnical report provides information about the technical bases for a series of
reports that have been prepared for the 1996 State Assessment program in science. They include:

* A Sate Report for each participating jurisdiction that describes the science
scale scores of the eighth-grade public- and nonpublic-school studentsin that
jurisdiction and relates their scale scores to contextual information about
science policies and instruction.

* The NAEP 1996 Science Report Card for the Nation and the States, which
provides both public- and nonpublic-school data for major NAEP reporting
subgroups for al of the jurisdictions that participated in the State
Assessment program, as well as selected results from the 1996 national
SCience assessment.

e The Cross-Sate Data Compendium for the NAEP 1996 Science Assessment,
which includes jurisdiction-level results for al the demographic,
instructional, and experiential background variables included in the Science
Report Card and State Report.

e A Data Almanac for each jurisdiction, distributed only in electronic form,
that contains a detailed breakdown of the science scale-score data according
to the responses to the student, teacher, and school questionnaires for the
public school, nonpublic school, and combined populations as a whole and
for important subgroups of the public-school population. There are six
sections to each almanac:

O The Distribution Data Section provides selected percentiles for the
public school, nonpublic school, and combined populations and for
the standard demographic subgroups of the public-school population
for the composite scale and each field of science scale.?

2 Scales were created for the three fields of science: earth science, physical science, and life science.



0 The Sudent Questionnaire Section provides a breakdown of the
composite scale score data according to the students’ responses to
questions in the three student questionnaires included in the
assessment booklets.

0 The Teacher Questionnaire Section provides a breakdown of the
composite scale score data according to the teachers’ responses to
questions in the science teacher questionnaire.

0 The School Questionnaire Section provides a breakdown of the
composite scale score data according to the principals’ (or other
administrators’) responses to questions in the school characteristics
and policies questionnaire.

0 The Scale Section provides a breakdown of selected items from the
questionnaires according to each of the scales measuring the fields
of science in the assessment.

0 The Sience Item Section provides the response data for each science
item in the assessment.

The state reports and teience Report Card will be available on the World Wide Web
as they are publicly released; the almanacs will be placed on the web about a month after they are
released on CD-ROM.

Organization of the Technical Report

This chapter provides a description of the design for the State Assessment in science and
gives an overview of the steps involved in implementing the program from the planning stages to
the analysis and reporting of the data. The chapter summarizes the major components of the
program, with references to later chapters for more details. Because of the close relationship
between the grade 8 State Assessment in science and a science assessment of grade 4 students in
DoDEA schools, this document also provides technical information about the special assessment
of grade 4 DDESS and DoDDS students in science. This special assessment was directly
contracted for by NCES. The organization of this chapter, and of the report, is as follows:

e Section 1.2 provides an overview of the design of the 1996 State Assessment
program in science.

e Section 1.3 summarizes the development of the science objectives and the
development and review of the items written to measure those objectives.
Details are provided in Chapter 2.



Section 1.4 discusses the assignment of the cognitive items to assessment
booklets. An initial discussion is provided of the complex spiral design that
was used to assign cognitive items to assessment booklets and assessment
booklets to individuals. A more complete description is provided in
Chapter 2.

Section 1.5 outlines the sampling design used for the 1996 State Assessment
program in science. A fuller description is provided in Chapter 3.

Section 1.6 summarizes the field administration procedures, including
securing school cooperation, training administrators, administering the
assessment, and conducting quality control. Further details appear in
Chapter 4.

Section 1.7 describes the flow of the data from their receipt at NCS through
data entry, professional scoring, and entry into the ETS/NAEP database for
analysis, and the creation of data products for secondary users. Chapters 5
and 6 provide a detailed description of the process.

Section 1.8 provides an overview of the data obtained from the 1996 State
Assessment program in science.

Section 1.9 summarizes the procedures used to weight the assessment data
and to obtain estimates of the sampling variability of subpopulation
estimates. Chapter 7 provides a full description of the weighting and
variance estimation procedures.

Section 1.10 describes the initial analyses performed to verify the quality of
the data in preparation for more refined analyses, with details given in
Chapter 9.

Section 1.11 describes the item response theory scales and the overall
science composite that were created for the primary analysis of the State
Assessment data. Further discussion of the theory and philosophy of the
scaling technology appears in Chapter 8, with details of the scaling process
in Chapter 9.

Section 1.12 provides an overview of the linking of the scaled results from
the State Assessment to those from the national science assessment. Details
of the linking process appear in Chapter 9.

Section 1.13 describes the reporting of the assessment results, with further
details supplied in Chapter 10.

Section 1.14 indicates some of the features of the special assessment of
grade 4 DoDEA students in science. Further information is presented in each
chapter of thisreport, as appropriate.



e Appendices A through F include a list of the participants in the objectives
and item devel opment process, a summary of the participation rates, alist of
the conditioning variables, the IRT parameters for the science items, the
reporting subgroups, and composite and derived common background and
reporting variables.

1.2 DESIGN OF THE STATE ASSESSMENT IN SCIENCE

The major aspects of the design for the State Assessment in science included the
following:

e Participation at the jurisdiction level was voluntary.

» Eighth-grade students from public and nonpublic schools were assessed.
Nonpublic schools included Catholic schools, other religious schools, private
schools, DODEA schools,® and BIA schools. Separate representative samples
of public and nonpublic schools were selected in each participating
jurisdiction and students were randomly sampled within schools. The sizes
of a jurisdiction’s nonpublic-school samples were proportional to the
percentage of grade-level students in that jurisdiction attending such schools.

* The eighth-grade science student booklets used for the 1996 NAEP State
Assessment, and included as part of the 1996 national NAEP instrument
contained multiple-choice, short-constructed response, and extended-
constructed response cognitive items. The total pool of science items was
divided into 15 blocks of items, each 30 minutes long, at each grade level.

* A complex form of matrix sampling usirgpiraling of assessment booklets
was used. With spiraling, students in an assessment session received
different booklets, which provides for greater science content coverage than
would have been possible had every student been administered the identical
set of items, without imposing an undue testing burden on the student.

» Background questionnaires given to the students, the students’ science
teachers, and the principals or other administrators provided a variety of
contextual information. The background questionnaires for the State
Assessment program were identical to those used in the national
assessments.

e The assessment time for each student was approximately 103 minutes. Each
assessed student was assigned a science booklet that contained two 5-minute
background questionnaires, one 3-minute motivation questionnaire, and
three of the 15 blocks containing science items requiring 30 minutes each.
Thirty-seven different booklets were assembled.

3students from two of the DDESS schools were included as part of the State Assessment and in the special assessment
of DoODEA schools. In these cases, the DDESS school |1D was replaced with the state ID.



* The assessments took place in the five-week period between January 29 and
March 4, 1996. One-fourth of the schools in each jurisdiction were to be
assessed each week throughout the first four weeks, however, due to severe
weather throughout much of the country, the fifth week was used for regular
testing as well as for makeup sessions.

« Data collection was, by law, the responsibility of each participating
jurisdiction. Security and uniform assessment administration were high
priorities. Extensive training of State Assessment personnel was conducted
to assure that the assessment would be administered under standard, uniform
procedures. For jurisdictions that had participated in previous NAEP state
assessments, 25 percent of both public- and nonpublic-school assessment
sessions were monitored by Westat staff. For the jurisdictions new to NAEP,
50 percent of both public- and nonpublic-school sessions were monitored.

1.3 DEVELOPMENT OF SCIENCE OBJECTIVES, ITEMS, AND
BACKGROUND QUESTIONS

The science framework for the 1996 NAEP was produced under the auspices of the
NAGB. The consensus process was managed by the Council of Chief State School Officers
(CCSSO) who worked with the National Center for Improving Science Education and the
American Institutes for Research. Items were devel oped that were aligned with the specifications
described in the framework and were extensively reviewed by specialists in science,
measurement, and bias/sensitivity, aswell as by government officials and state representatives.

A Planning Committee was established to identify goals and objectives and to produce
the framework. This Planning Committee met monthly from November 1990 through April 1991
and was joined in the first meeting and final meeting by the Steering Committee, which reviewed
and reacted to al framework drafts. During this devel opment process, input and reactions were
continually sought from awide range of members both within the field of science and external
toit.

The framework for the 1996 science assessment is represented as a matrix with two
dimensions represented by three fields of science (earth science, physical science, and life
science) and three elements of knowing and doing science ( conceptual understanding, scientific
investigation, and practical reasoning). In addition, there are two subcategories that describe
science, nature of science, and themes (National Assessment Governing Board, 1993).

Chapter 2 includes specific details about devel oping the objectives and items for the
State Assessment. Further information about the items in the assessment are available in research
papers presented at recent annual meetings of the American Educational Research Association
and the National Council on Measurement in Education (e.g., Carlson, 1996; Y epes-Baraya &
Allen, 1996; Worthington & Donoghue, 1997, Y epes-Baraya, 1997; Allen & Liang, 1997; and
Tatsuoka, 1997) and in an upcoming science focus report.



14  ASSESSMENT INSTRUMENTS

The assembly of cognitive items into booklets and their subsequent assignment to
assessed students was determined by a complex design with spiraled administration. Details of
this design are provided in Chapter 2. Every student was asked to complete a hands-on
performance task as well as two other cognitive blocks of itemsin a paper and pencil format.
Some students received paper and pencil blocks based on a science theme. In addition to the
student assessment bookl ets, three other instruments provided data relating to the assessment [
a science teacher questionnaire, a school characteristics and policies questionnaire, and an
SD/LEP student questionnaire.

The student assessment booklets contained five sections and included both cognitive and
noncognitive questions. In addition to three 30-minute sections of cognitive questions, each
booklet included two 5-minute sets of general and science background items designed to gather
contextual information about students, their experiences in science, and their attitudes toward the
subject, and one 3-minute section of motivation questions designed to gather information about
the student’s level of motivation while taking the assessment.

Theteacher questionnaire was administered to the eighth-grade science teachers of the
students participating in the assessment. The questionnaire consisted of three sections and took
approximately 20 minutes to complete. The first section focused on the teacher’s general
background and experience; the second, on the teacher’s background related to science; and the
third, on classroom information about science instruction.

Theschool characteristics and policies questionnaire was given to the principal or other
administrator in each patrticipating school and took about 20 minutes to complete. The questions
asked about the principal’s background and experience; school policies, programs, and facilities;
and the demographic composition and background of the students and teachers.

The SD/LEP student questionnaire was completed by the teachers of those students who
were selected to participate in the State Assessment sample but who were classified as students
with disabilities (SD) or were categorized as having limited English proficiency (LEP). Some of
these students did not participate in the assessment because they were determined by the school
personnel to be unable to participate, using inclusion rules provided by NAEP; others did
participate in the assessment because they were determined to be able to participate by meeting
the specifications in the inclusion rules. Each questionnaire took approximately three minutes to
complete and asked about the student and the special programs in which the student participated.

Further information on the assessment instruments can be found in Chapter 2.

15 THE SAMPLING DESIGN

The target populations for the State Assessment program in science consisted of eighth-
grade students enrolled in public and nonpublic schools. The public- and nonpublic-school
samples in each jurisdiction were designed to produce aggregate estimates for the jurisdiction
and for selected subpopulations (depending upon the size and distribution of the various
subpopulations within the jurisdiction), and also to enable comparisons to be made, at the
jurisdiction level, between administration of assessment tasks with and without monitoring.



The representative sample of public-school eighth-grade students assessed in the State
Assessment came from about 100 schoolsin most jurisdictions. However, if ajurisdiction had
fewer than 100 schools with an eighth grade, all or almost all schools were asked to participate.
If ajurisdiction had smaller numbers of studentsin each school than expected, more than 100
schools were selected for participation. The public schools were stratified by urbanization,
percentage of Black and Hispanic students enrolled, and median household income within the
ZIP code area of the school.

The nonpublic-school samples differed in size across the jurisdictions, with the number
of schools selected proportional to the nonpublic-school enrollment within each jurisdiction.
Typicaly, about 20 to 25 nonpublic schools (per grade) were included for each jurisdiction. The
nonpublic schools were stratified by type of control (Catholic, private/other religious, other
nonpublic), metro status, and enrollment size per grade.

In most jurisdictions, up to 30 students were selected from each school, with the aim of
providing aninitial target sample size of approximately 3,000 public-school students per
jurisdiction. The student sample size of 30 for each school was chosen to ensure that at |east
2,000 public-school students participated from each jurisdiction allowing for school
nonresponse, exclusion of students, inaccuracies in the measures of enrollment, and student
absenteeism from the assessment. In jurisdictions with fewer schools, larger numbers of students
per school were often required to ensure target samples of roughly 3,000 students. In certain
jurisdictions, al eligible eighth-grade students were targeted for assessment. The overall student
sampl e size for nonpublic schools was much smaller than the approximate 2,000 students from
public schools that were assessed.

Students within a school were sampled from lists of eighth-grade students. The decisions
to exclude students from the assessment were made by school personnel, in one of two ways. The
students in one group of schools were excluded using the inclusion rules used in previous
assessments and students in a second group of schools were excluded on the basis of inclusion
rules that were new for the 1996 assessment. The new inclusion rules are meant to be clearer,
more easily followed, and closer to inclusion rules used in testing programs administered by
school districts or state departments of education. In the 1996 national assessments, studentsin a
third group of schools were excluded using the new inclusion rules, but SD and LEP studentsin
these schools were offered special accommodations to the standard NAEP administration
procedures. In the State Assessment, no special accommaodations were offered. Each excluded
student in the State Assessment was carefully accounted for to estimate the percentage of the
state population deemed unassessable and the reasons for exclusion, no matter which school the
student attended.

Chapter 3 describes the various aspects of selecting the sample for the 1996 State
Assessment O selection of schools for use of the differing inclusion criteria, the construction of
the public- and nonpublic-school frames, the stratification processes, the updating of the school
frames with new schooals, the actual sample selection, and the sample selection for the field test.
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16 FIELD ADMINISTRATION

The administration of the 1996 program and the 1995 field test required collaboration
between staff in the participating jurisdictions and schools and the NAEP contractors, especially
Westat, the field administration contractor. The purpose of the field test conducted in 1995 was
to try out new science items including those associated with science themes and the hands-on
science performance tasks.

Each jurisdiction volunteering to participate in the 1995 field test or in the 1996 State
Assessment program was asked to appoint a state coordinator as liaison between NAEP staff and
the participating schools. In addition, Westat hired and trained a supervisor for each jurisdiction
and six field managers, each of whom was assigned to work with groups of jurisdictions. The
state supervisors were responsible for working with the state coordinators, overseeing assessment
activities, training school district personnel to administer the assessment, and coordinating the
quality-control monitoring efforts. Each field manager was responsible for working with the state
coordinators of seven to eight jurisdictions and supervising the state supervisors assigned to
those jurisdictions. An assessment administrator was responsible for preparing for and
conducting the assessment session in one or more schools. These individuals were usually school
or district staff and were trained by Westat. Westat also hired and trained three to five quality
control monitorsin each jurisdiction. For jurisdictions that had previously participated in the
State Assessment program, 25 percent of the public- and nonpublic-school sessions were
monitored. For jurisdictions new to the program, 50 percent of all sessions were monitored.
During the field test, the state supervisors monitored all sessions.

Chapter 4 describes the procedures for obtaining jurisdiction cooperation and provides
details about the field activities for both the field test and 1996 State Assessment program.
Chapter 4 also describes the planning and preparations for the actual administration of the
assessment, the training and monitoring of the assessment sessions, and the responsibilities of the
state coordinators, state supervisors, assessment administrators, and quality control monitors.

1.7 MATERIALSPROCESSING, PROFESSIONAL SCORING, AND
DATABASE CREATION

Upon completion of each assessment session, school personnel shipped the assessment
booklets and forms to NAEP contractor NCS for professional scoring, entry into computer files,
and checking. The files were then sent to ETS for creation of the database. Chapter 5 describes
the printing, distribution, receipt, processing, and final disposition of the 1996 State A ssessment
materials.

The volume of collected data and the complexity of the State Assessment processing
design, with its spiraled distribution of booklets, as well as the concurrent administration of this
assessment and the national assessments, required the development and implementation of
flexible, innovative processing programs, and a sophisticated Process Control System. This
system, described in Chapter 5, allowed an integration of data entry and workflow management
systems that included carefully planned and delineated editing, quality control, and auditing
procedures.

11



Chapter 5 also provides information about scoring procedures and rater reliability.
Further and more detailed information about these topics are provided in The NAEP 1996
Technical Report (Allen, Carlson, & Zelenak, 1998). The data transcription and editing
procedures used to generate the electronic files containing various assessment information,
including the sampling weights required to make valid statistical inferences about the population
from which the State Assessment sample was drawn, are also described in Chapter 5. Before any
analysis could begin, the data from these files underwent a quality control check at ETS. The
files were then merged into a comprehensive, integrated database. Chapter 6 describes the
transcribed data files, the procedure of merging them to create the State Assessment database, the
results of the quality control process, and the procedures used to create data products for usein
secondary research.

18 THE 1996 STATE ASSESSMENT DATA

The basic information collected from the State Assessment in science consisted of the
responses of the assessed students to the 195 science exercises at grade 8. To limit the
assessment time for each student to about 103 minutes, a complex variant of matrix and spiraled
administration was used to assign a subset of the full exercise pool to each student. The set of
items was divided into 15 unique blocks, each requiring 30 minutes for completion. Each
assessed student received a booklet containing three of the 15 blocks according to a complex
design that ensured that each block was administered to a representative sample of students
within each jurisdiction. The data also included responses to the background questionnaires
(described in Section 1.4 of this chapter and in Chapter 2).

The national data to which the State Assessment results were compared came from
nationally representative samples of public- and nonpublic-school studentsin the eighth grade.
These samples were part of the full 1996 national science assessment in which nationally
representative samples of students in public and nonpublic schools were assessed from three
grade cohorts: fourth-, eighth-, and twelfth-grade students.

The assessment instruments used in the State Assessment were also used in the eighth-
grade national assessment and were administered using almost identical procedures in both
assessments. The time of testing for the state assessments (January 29-March 4, 1996) occurred
within the time of testing of the national assessment (January 3-April 5, 1996). However, the
state assessment differed from the national assessment in one important regard: Westat staff
collected the data for the national assessment while, in accordance with the NAEP legidlation,
data collection activities for the State Assessment were the responsibility of each participating
jurisdiction. These activities included ensuring the participation of selected schools and students,
assessing students according to standardized procedures, and observing procedures for test
security. To provide quality control of the State Assessment, arandom half of the administrations
in jurisdictions participating in a State Assessment for the first time was monitored; 25 percent of
the administrations in other jurisdictions were monitored.

19 WEIGHTING AND VARIANCE ESTIMATION

A complex sample design was used to select the students to be assessed in each of the
participating jurisdictions. The properties of a sample from a complex design are very different
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from those of a simple random sample in which every student in the target population has an
equal chance of selection and every combination of students of the size of the sample has an
equal chance of selection. The properties of the sample from the complex State A ssessment
design were taken into account in the analysis of the assessment data.

One way that the properties of the sample design were addressed was by using sampling
weights to account for the fact that the probabilities of selection were not identical for all
students. These weights also included adjustments for school and student nonresponse. All
population and subpopul ation characteristics based on the State Assessment data used sampling
weightsin their estimation. Chapter 7 provides details on the computation of these weights.

In addition to deriving appropriate estimates of population characteristics, it is essential
to obtain appropriate measures of the degree of uncertainty of those statistics. One component of
uncertainty is aresult of sampling variability, which measures the dependence of the results on
the particular sample of students actually assessed. Because of the effects of cluster selection
(schools are selected first, then students are selected within those schools), observations made on
different students cannot be assumed to be independent of each other (and, in fact, are generally
positively correlated). As aresult, classical variance estimation formulas will produce incorrect
results. Instead, a variance estimation procedure that takes the characteristics of the sample into
account was used for all analyses. This procedure, called jackknife variance estimation, is
discussed in Chapter 7 and described more fully in The NAEP 1994 Technical Report (Allen,
Kline, & Zelenak, 1996).

Jackknife variance estimation provides a reasonable measure of uncertainty for any
statistic based on values observed without error. Statistics such as the average proportion of
students correctly answering a given question meet this requirement, but other statistics based on
estimates of student science performance, such as the average science scale score of a
subpopulation, do not. Because each student typically respondsto relatively few items within a
particular field of science, there exists a nontrivial amount of imprecision in the measurement of
the proficiency of a given student. Thisimprecision adds an additional component of variability
to statistics based on estimates of individual scale scores. The estimation of this component of
variability is discussed in Chapter 8.

1.10 PRELIMINARY DATA ANALYSIS

After the computer files of student responses were received from NCS, al cognitive and
noncognitive items were subjected to an extensive item analysis. Each block of cognitive items
was subjected to item analysis routines, which yielded for each item the number of respondents,
the percentage of responses in each response category for an item, the percentage who omitted
the item, the percentage who did not reach the item, and the correlation between the item score
and the item block score. In addition, the item analysis program provided summary statistics for
each block of items, including areliability (internal consistency) coefficient. These analyses
were used to check on the scoring of the items, to verify the appropriateness of the difficulty
level of the items, and to check for speededness. The results also were reviewed by
knowledgeable project staff in search of aberrations that might signal unusual results or errorsin
the database.
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Tables of the weighted percentages of students with responses in each category of each
cognitive and background item were created and distributed to each jurisdiction. Additional
analyses comparing the data from the monitored sessions with those from the unmonitored
sessions were conducted to determine the comparability of the assessment data from the two
types of administrations. Differential item functioning (DIF) analyses using national assessment
data were carried out to identify items new to the assessment that were differentially difficult for
various subgroups and to reexamine such items with respect to their fairness and their
appropriateness for inclusion in the scaling process. Further details of the preliminary analyses
conducted on the data appear in Chapter 9.

111 SCALING THE ASSESSMENT ITEMS

The primary analysis and reporting of the results from the State A ssessment program
used item response theory (IRT) scale-score models. Scaling models quantify a respondent’s
tendency to provide correct answers to the domain of items contributing to a scale as a function
of a parameter called proficiency, estimated by a scale score. The scale scores can be viewed as a
summary measure of performance across the domain of items that make up the scale. Three
distinct IRT models were used for scaling: 1) three-parameter logistic models for multiple-choice
items; 2) two-parameter logistic models for short constructed-response items that were scored
correct or incorrect; and 3) generalized partial-credit models for short and extended constructed-
response items that were scored on a multipoint scale. Chapter 8 provides an overview of the
scaling models used. Further details on the application of these models are provided in Chapter 9.

A series of scales were created for the State Assessment to summarize students’ science
performance. These scales were defined identically to those used for the scaling of the national
NAEP eighth-grade science data. Three fields of science scales, based on the paradigm described
in Chapter 2, were created to correspond to the following agaidh:science, physical science,
andlife science. Although the items comprising each scale were identical to those used for the
national program, the item parameters for the State Assessment scales were estimated from the
combined data from all jurisdictions participating in the State Assessment. Item parameter
estimation was based on an item calibration sample consisting of an approximately 25 percent
sample of all the available data. To ensure equal representation in the scaling process, each
jurisdiction was equally represented in the item calibration sample. Chapter 9 provides further
details about the item parameter estimation.

The fit of the IRT model to the observed data was examined within each scale by
comparing the estimates of the empirical item characteristic functions with the theoretic curves.
For multiple-choice and dichotomously-scored constructed response items, nonmodel-based
estimates of the expected proportions of correct responses to each item for students with various
levels of scale scores were compared with the fitted item response curve; for partial-credit
polytomously-scored constructed-response items, the comparisons were based on the expected
proportions of students with various levels of scale scores who achieved each item score level. In
general, the item-level results were well fit by the scaling models.

Using the item parameter estimates, estimates of various population statistics were
obtained for each jurisdiction. The NAEP methods use random draws (“plausible values”) from
scale score distributions for each student to compute population statistics. Plausible values are
not optimal individual student scale scores; instead, they serve as intermediate values to be used
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in estimating population characteristics. Under the assumptions of the scaling models, these
popul ation estimates will be consistent, in the sense that the estimates approach the model -based
population values as the sample size increases. This would not be the case for population
estimates obtained by aggregating optimal individual scale scores. Chapter 8 provides further
details on the computation and use of plausible values.

In addition to the plausible values for each scale, a composite score scale of the three
fields of science scales was created as a measure of overall science proficiency. This composite
was aweighted average of the three fields of science scalesin which the weights were
proportional to the relative importance assigned to each field as specified in the science
objectives. The definitions of the composites for the State Assessment program at grade 8 were
identical to those used for the national eighth-grade science assessments.

1.12 LINKING THE STATERESULTSTO THE NATIONAL RESULTS

A magjor purpose of the State Assessment program was to allow each participating
jurisdiction to compare its 1996 results with the nation as awhole and with the region of the
country in which that jurisdiction islocated. For meaningful comparisons to be made between
each of the State Assessment jurisdictions and the relevant national sample, results from these
two assessments had to be expressed in terms of a similar system of scale units.

The results from the State Assessment program were linked to those from the national
assessment through linking functions determined by comparing the results for the aggregate of all
eighth-grade students assessed in the State Assessment with the results for students of the
matching grade within a subsample (the National Linking sample) of the national NAEP sample.
The National Linking sample for agiven grade is a representative sample of the population of all
grade-eligible public-school students within the aggregate of the 44 participating states and the
District of Columbia (excluding Guam and the two DoDEA jurisdictions). Specificaly, the grade
8 National Linking sample consists of all eighth-grade studentsin public schoolsin the states and
the District of Columbiawho were assessed in the national science assessment.

A linear equating within each scale was used to link the results of the State Assessment
to the national assessment. For each scale, the adequacy of linear equating was evaluated by
comparing the distribution of science scale scores based on the aggregation of all assessed
students from the participating states and the District of Columbia with the equivalent
distribution based on the students in the National Linking sample. In the estimation of these
distributions, the students were weighted to represent the target population of public-school
students in the aggregation of the states and the District of Columbia. If alinear equating was
adequate, the distribution for the aggregate of states and the District of Columbia and that for the
National Linking sample would have, to a close approximation, the same shape, in terms of the
skewness, kurtosis, and higher moments of the distributions. The only differencesin the
distributions alowed by linear equating are in the means and variances. This has been found to
be the case for the 1996 State Assessment program.

Each field of science scale was linked by matching the mean and standard deviation of
the scale score averages across al eighth-grade studentsin the State Assessment to the
corresponding scale mean and standard deviation across all studentsin the eighth-grade National
Linking sample. Further details of the linking are given in Chapter 9.

15



1.13 REPORTING THE STATE ASSESSMENT RESULTS

Each jurisdiction in the State Assessment received a summary report providing its results
with accompanying text and tables and national and regional comparisons. These reports were
generated by a computerized report-generation system for which graphic designers, statisticians,
data analysts, and report writers collaborated to develop shells of the reports in advance of the
analysis. These prototype reports were provided to State Education Agency personnel for their
reviews and comments. The results of the data analysis were then automatically incorporated into
the reports, which display tables and graphs of the results and interpretations of those results,
including indications of subpopulation comparisons of statistical and substantive significance.

Each report contains state-level estimates of average scale score, both for the state asa
whole and for categories of the key reporting variables: gender, race/ethnicity, level of parental
education, and type of location. Results are presented for each science scale score and for the
overall science composite scale score. Results are also reported for avariety of other
subpopulations based on variables derived from the student, teacher, and school questionnaires.
Standard errors are included for all statistics.

A second report, the NAEP 1996 Science Report Card for the Nation and the States,
highlights key assessment results for the nation and summarizes results across the jurisdictions
participating in the assessment. This report contains composite scal e-score results (scale-score
means, etc.) for the nation, each of the four regions of the country, and each jurisdiction
participating in the State Assessment, both overall and by the primary reporting variables. In
addition, overall results are reported for each of the fields of science scales.

The third type of summary report is entitled Cross-Sate Data Compendium for the
NAEP 1996 Science Assessment. Like the Report Card, the Compendium reports results for the
nation and for all of the jurisdictions participating in the State Assessment. The Compendium
contains most of the tables included in the Report Card plus additional tables that provide
composite scale-score results for alarge number of secondary reporting variables.

The fourth type of summary report is a six-section amanac. One section of the almanac
includes information about the percentages of students at or above the three composite scale
achievement levels (and below basic). Three of the sections of the almanac present analyses
based on responses to each of the questionnaires (student, science teacher, and school)
administered as part of the State Assessment. Anaother section of the almanac, the scale section,
reports scale score means and associated standard errors for the three fields of science scales.
Results in this section are also reported for the total group in each jurisdiction, aswell asfor
select subgroups of interest. The final section of the almanac, the “p-value” section, provides the
total-group proportion of correct responses to each cognitive item included in the assessment.

The production of the state reporsience Report Card, Data Compendium, and the
almanacs required a large number of decisions about a variety of data analysis and statistical
issues. For example, because the demographic characteristics of the eighth-grade public-school
students vary widely by jurisdiction, the proportions of students in the various categories of the
race/ethnicity, parental education, and type of location variables also varied by jurisdiction.
Some of these groups are so small that estimates of statistics describing these groups are too
unstable to report. Decisions about minimum sample sizes necessary to report results were made.
Chapter 10 documents the major conventions and statistical procedures used in generating the
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state reports, Science Report Card, Data Compendium, and the almanacs. The chapter describes
the rules, based on effect size and sample size considerations, that were used to establish whether
aparticular category contained sufficient data for reliable reporting of results for a particular
jurisdiction. Chapter 10 also describes the multiple comparison and effect size-based inferential
rules that were used for evaluating the statistical and substantive significance of subpopulation
comparisons.

To provide information about the generalizability of the results, avariety of information
about participation rates was reported for each state and jurisdiction. This included the school
participation rates, both in terms of theinitially selected samples of schools and in terms of the
finally achieved samples, including replacement schools. The student participation rates, the
rates of students excluded due to being identified as SD or LEP, and the estimated proportions of
assessed students who are classified as SD or LEP were also reported by jurisdiction. These rates
are described and reported in Appendix B.

1.14 A SPECIAL SCIENCE ASSESSMENT OF GRADE 4 DoDEA STUDENTS

Many of the features of the special grade 4 DODEA assessment in science are the same
as features of the grade 8 State Assessment in science. Other features vary somewhat from the
State Assessment due to the specia characteristics of the fourth-grade assessment instruments,
the DODEA schools, and the fact that a fourth-grade assessment of science was not conducted for
any other jurisdiction within the nation.

The fourth-grade assessment booklets contain a different proportion of items from each
of the fields of science than the eighth-grade assessment booklets. However, the three fields of
science are still represented, the numbers and types of blocks remain the same, and the blocks of
items are arranged in bookl ets using the same complex design as for the grade 8 assessment.
Chapter 2 contains further information about the difference between the grade 4 and grade 8
instruments.

As described briefly in Chapters 3, 4, and 7, sampling procedures, field administration
procedures, and calculation of student weights were the same for the grade 4 DoDEA schools as
they were for grade 8 schools. Data entry, professional scoring, and entry into the ETS/NAEP
database were similar for all parts of the state and national assessments.

The analysis of the grade 4 DoDEA science data (Ballator, O’Sullivan, & Jerry, 1997a
and Ballator, O’Sullivan, & Jerry, 1997b) was somewhat different from the analysis for the grade
8 State Assessment because of the lack of enough grade 4 DoDEA data to scale the items. The
resulting analysis is described in Chapter 9. The decisions about reporting results as described in
Chapter 10 were applied to the grade 4 DoDEA science assessment in full.
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Chapter 2

DEVELOPING THE NAEP 1996
SCIENCE ASSESSMENT INSTRUMENT?

Christine O’Sullivan
Educational Testing Service

21 OVERVIEW

The science framework for the 1996 National Assessment of Educational Progress
(NAEP) was produced under the auspices of the National Assessment Governing Board
(NAGB). The consensus process was managed by the Council of Chief State School Officers
(CCSSO) who worked with the National Center for Improving Science Education and the
American Institutes for Research. Items were devel oped that were aligned with the specifications
described in the framework and were extensively reviewed by specialists in science,
measurement, and bias/sensitivity, aswell as by government officials and state representatives.

The development of the framework and questions was governed by four major
considerations:

* The framework had to be developed through a consensus process involving
educators, policy makers, science teachers, representatives of the business
community, assessment and curriculum experts, and members of the public.

e The development of the items had to be guided by a Science Instrument
Development Committee and receive further reviews by government and
state representatives. In addition, the items had to be carefully reviewed for
potential bias. (ETS proposa for the administration of the NAEP
cooperative agreement 1992.)

e All materials developed at ETS had to be in compliance with specified
procedures as described in the ETS Standards of Quality and Fairness (ETS,
1987).

« All NAEP cognitive items and background questions had to be submitted to
afederal clearance process as per federal regulations.

This chapter discusses how the specifications and items for the State Assessment in
science were developed. It also describes the assessment instrument, the student assessment
booklets, and the student, teacher, school, and SD/LEP questionnaires.

! Christine O’Sullivan coordinated the development of the science assessment instruments.
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Various committees worked on the development of the framework, objectives, and items
for the science assessment. The list of committee members and consultants who participated in
each aspect of the 1996 development processis provided in Appendix A.

22 STEERING COMMITTEE GUIDELINES

The science framework for the NAEP 1996 assessment was devel oped over a 10-month
period between October 1990 and August 1991. The process was initiated with the formation of a
Steering Committee that recommended that the framework and ensuing science assessment have
the following five characteristics:

* The framework should reflect the best thinking about the knowledge, skills,
and competencies needed for a high degree of scientific understanding
among al students in the United States. Accordingly it should encompass
knowledge and use of organized factual information, relationships among
concepts, major ideas unifying the sciences, and thinking and laboratory
skills. In addition, the framework should be based on current understandings
from research of teaching, learning, and students’ performance in science.

e The framework and the assessment should address the nature and practices
of knowing in science, as different from other ways of knowing; reflect the
gquantitative aspects of science as well as the concepts of life, earth, and
physical sciences; deal with issues raised by the role of science and
technology in society; include practical problem solving in science; take into
account the developmental levels of students; and ensure that students with
diverse backgrounds are assessed in ways that provide them with equal and
fair opportunities to reflect their knowledge and performance.

» Assessment formats should be used that are consistent with the objectives
being assessed. A variety of strategies for assessing student performance are
advocated, including performance tasks that allow students to manipulate
physical objects and draw scientific understandings from the materials
before them; constructed-response items that provide insights into students’
levels of understanding and ability to communicate in the sciences, as well
as their ability to generate, rather than simply recognize information related
to scientific concepts and their interconnections; and multiple-choice
guestions that probe students’ conceptual understanding and ability to
connect ideas in a scientifically sound way.

e The assessment should contain a broad enough range of questions at
different levels of proficiency for identifying three achievement levels for
each grade.

» Information on students’ demographic and other background characteristics
should be collected. Additional information should be collected from
students, teachers and administrators about instructional programs and
delivery systems, so that their relationships with student achievement can be
ascertained and used to inform program and policy decisions.
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A Planning Committee was established to identify goals and objectives and to produce
the framework. This Planning Committee met monthly from November 1990 through April 1991
and was joined in the first meeting and final meeting by the Steering Committee, which reviewed
and reacted to all framework drafts. During this devel opment process, input and reactions were
continually sought from awide range of committee members both within the field of science and
external to it. A list of committee members who participated in the developmental processis
provided in Appendix A

23 FRAMEWORK FOR THE ASSESSMENT

The framework for the 1996 science assessment is represented as a matrix with two
dimensions represented by three fields of science (earth science, physical science, and life
science) and three elements of knowing and doing science ( conceptual understanding, scientific
investigation, and practical reasoning). In addition, there are two overarching domains that
describe science and nature of science and themes. Figures 2-1 to 2-3, respectively, describe the
three fields of science, the elements of knowing and doing science, and the overarching domains.

21



Figure2-1
Descriptions of the Three Fields of Science

Earth Science

The earth science component assessed centers on objects and events that are relatively
accessible or visible. The concepts and topics covered are solid earth (lithosphere), water
(hydrosphere), air (atmosphere), and the earth in space. The solid earth consists of composition;
forces that ater its surface; the formation, characteristics, and uses of rocks; the changes and
uses of soil; natural resources used by humankind; and natural forces within the earth. Concepts
and topics related to water consist of the water cycle; the nature of oceans and their effects on
water and climate; and the location of water, its distribution, characteristics, and effect of and
influence on human activity. The air is broken down into composition and structure of the
atmosphere (including energy transfer); the nature of weather; common weather hazards; and air
quality and climate. The earth in space consists of setting of the earth in the solar system; the
setting and evolution of the solar system in the universe; tools and technology that are used to
gather information about space; apparent daily motions of the sun, the moon, the planets and the
stars; rotation of the earth about its axis, the earth’s revolution around the sun; and tilt
earth’s axis that produces seasonal variations in the climate.

Physical Science

The physical science component relates to basic knowledge and underst
concerning the structure of the universe as well as the physical principles that operate w
The major sub-topics probed are matter and its transformations, energy and its transfort
and the motion of things. Matter and its transformations are described by diversity of ma
(classification and types and the particulate nature of matter); temperature and states of
properties and uses of material (modifying properties, synthesis of materials with
properties); and resource management. Energy and its transformations involve different f
energy; energy transformations in living systems, natural physical systems, and artificial g
constructed by humans; and energy sources and use, including distribution, energy con
and energy costs and depletion. Motion is broken down into an understanding of fra
reference; forces and changes in position and motion; action and reaction; vibrations an
as motion; general wave behavior; electromagnetic radiation; and the interactiq
electromagnetic radiation with matter.

Life Science
The fundamental goal of life science is to attempt to understand and explain the

and function of living things. The major concepts assessed in life science are chan
evolution, cells and their functions, organisms, and ecology. Change and evolution in
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diversity of life on earth; genetic variation within a species; theories of adaptation and patural
selection; and changes in diversity over time. Cells and their functions consists of information

transfer; energy transfer for the construction of proteins; and communication among

cells.

Organism are described by reproduction, growth and development; life cycles; and functions and

interactions of systems within organisms. The topic of ecology centers on the interdepend
life 0 populations, communities, and ecosystems.
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Figure 2-2
Descriptions of Knowing and Doing Science

Conceptual Understanding

Conceptua understanding includes the body of scientific knowledge that students draw
upon when conducting a scientific investigation or engaging in practical reasoning. Essential
scientific concepts involve a variety of information including facts and events the student learns
from science instruction and experiences with the natural environment and scientific concepts,
principles, laws, and theories that scientists use to explain and predict observations of the natural
world.

Scientific I nvestigation

Scientific investigation probes students’ abilities to use the tools of science, incl
both cognitive and laboratory tools. Students should be able to acquire new informatio
appropriate investigations, use a variety of scientific tools, and communicate the results
investigations.

Practical Reasoning

Practical reasoning probes students’ ability to use and apply science understan
new, real-word applications.
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Figure 2-3
Descriptions of Overarching Domains

The Nature of Science

The nature of science incorporates the historical development of science and technology,
the habits of mind that characterize these fields, and methods of inquiry and problem-solving. It
also encompasses the nature of technology that includes issues of design, application of science
to real-world problems, and trade-offs or compromises that need to be made.

Themes

Themes are the “big ideas” of science that transcend the various scientific disciplin
enable students to consider problems with global implications. The NAEP science asst
focuses on three themes: systems, models, and patterns of change.

e Systems are complete, predictable cycles, structures or processes occurring in
phenomena. Students should understand that a system is an artificial construction cr
represent, or explain a natural occurrence. Students should be able to identify and ded
system boundaries, identify the components and their interrelationships and note the
and outputs to the system.

 Models of objects and events in nature are ways to understand complex or 3
phenomena. As such they have limits and involve simplifying assumptions but also g
generalizability and often predictive power. Students need to be able to distingui
idealized model from the phenomenon itself and to understand the limitations and sim
assumptions that underlie scientific models.

» Patterns of change involve students’ recognition of patterns of similarity and difference
recognition of how these patterns change over time. In addition, students should have
of common types of patterns and transfer their understanding of a familiar pattern of
to a new and unfamiliar one.
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24  DISTRIBUTION OF ASSESSMENT ITEMS

Table 2-1 summarizes the distribution of assessment time across the three fields of
science — earth, physical, andlife. These fields provide the basis for the content area scales.
Care was taken to ensure congruence between the proportions used in the assessment (actual) and
those indicated in the assessment specifications (recommended).

Table2-1
Distribution of Assessment Time by Fields of Science, Grade 8
Fields of Science Recommended Actual
Earth Science 30% 30%
Physical Science 30% 30%
Life Science 40% 40%

Table 2-2 shows the distribution of assessment timkenbwing and doing science.

Table 2-2
Distribution of Assessment Time by Knowing and Doing Science, Grade 8

Knowing and Doing Science

Elements Recommended Actual
Conceptual Understanding 45% 45%
Scientific Investigation 30% 29%

Practical Reasoning 25% 26%

A number of items that assess each of the fields of science and each of the ways of
knowing and doing science also probeature of science andthemes (systems, models, and
patterns of change). Table 2-3 shows the recommended and actual percentages of assessment
time for these two overarching domains.

Table2-3
Distribution of Assessment Time Devoted to The Nature of Science and Themes, Grade 8
Overarching Domains  Recommended Actual
Nature of Science >15% 21%
Themes 50% 49%
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25 ASSESSMENT ITEMS, FIELD TEST, AND FINAL FORMS

Items that were closely aligned to the framework were written by teachers from across
the country as well as by science assessment specialists on staff at ETS. Several types of items
were developed — multiple-choice, short constructed-response, and extended constructed-
response. Short constructed-response items (scored with either a 2- or 3-level scoring guide)
were used when students needed to respond in a sentence or two. Extended constructed-response
items (scored with a 4- or 5-level scoring guide) generally required a paragraph or more. Some
items also required diagrams, graphs, or calculations. It was expected that students could
adequately answer the short constructed-response questions in about two to three minutes and the
extended constructed-response questions in about five minutes. In addition, blocks of items were
developed that required the manipulation of equipment (hands-on tasks) and others were
developed that assessed each of the three theystesns, models, andpatterns of change.

Most of the items for the 1996 science assessment were field tested in February and
March 1993; however, since the assessment was delayed from 1994 to 1996 an opportunity was
afforded for further items to be field tested in February and March 1995. Each of these field tests
involved students imany states, the District of Columbia, and three U. S. territories and were
intended to try out the cognitive items and hands-on tasks and to give jurisdictions and
contractors practice and experience with the proposed materials and tasks. Approximately 500
responses were obtained for each item in each field test.

The field test data were collected, scored, and analyzed in preparation for meetings with
the Science Instrument Development Committee. The objectives that guided the review of these
items were:

* to determine which items were most suitable for assessing understanding in
science in accordance with the framework;

« to determine the need for revisions of questions that lacked clarity, or had
ineffective item formats;

* to determine appropriate timing for assessment items.

Committee members, ETS assessment staff, and NAEP staff reviewed the materials. Item
analyses (which provided the percentage of correct responses, the r-biserial correlations for
multiple-choice and items with a two-level scoring guide, percentages of responses in each
category or at each level of the scoring guide, and the r-polyserial for other constructed-response
items) were used as a guide in identifying and flagging for further review those test questions
that might not measure the intended objective well.

Once the committees had selected the items, they were rechecked for content and
measurement concerns and to insure fairness and quality. In addition, a meeting of
representatives from state education agencies was convened to review the items chosen for the
operational assessment. The federal clearance package containing 13 blocks of cognitive
questions was submitted to NCES in August 1993. A further clearance package containing two
blocks of items was submitted to NCES in 1995. Throughout the clearance process, revisions
were made in accordance with changes required by the government. Upon approval, the 15
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blocks (assembled into booklets) and questionnaires were ready for printing in preparation for
the assessment.

The following summarizes the series of steps used to create the assessment items for the
1996 State Assessment in science.

1. Item specifications and prototype items were provided in the Science
Assessment and Exercise Specifications for the 1996 National Assessment of
Educational Progress (National Assessment Governing Board, 1996).

2. The Science Instrument Development Committee provided guidance to
NAEP staff about how the objectives could be measured given the redlistic
constraints of resources and the feasibility of measurement technology. The
Committee made recommendations about priorities for the assessment and
types of itemsto be devel oped.

3. Item writers from both inside and outside ETS were selected based on their
knowledge about science education and experience in creating questions
according to specifications.

4. Theitemswere reviewed and revised by NAEP/ETS staff and the Instrument
Development Committee.

5. Language editing and sensitivity reviews, checking for fairness and quality,
were conducted according to ETS quality control procedures.

6. Field test materials were prepared, including the materials necessary to
secure clearance by the Office of Management and Budget.

7. The field test was conducted in many states, the District of Columbia, and
three territories (see Table 1-1 in Chapter 1).

8. Representatives from State Education Agencies met and reviewed the
operational assessment.

9. Based on thefield test analyses, items for the 1996 assessment were revised,
modified, and re-edited, where necessary. The items once again underwent
ETS sensitivity review.

10. The Science Instrument Development Committee approved the selection of
items to include in the 1996 assessment.

11. The operational assessment was submitted to NCES for approval.

12. Revisions were made to items in accordance with NCES directives and
approval was given.
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13. After a final review and check to ensure that each assessment booklet and
each block met the overall guidelines for the assessment, the booklets were
printed.

26 THE ASSESSMENT DESIGN

The 1996 State Assessment in science was made up of 194 cognitive items that were
distributed into 15 different sections or blocks. The blocks included four hands-on task blocks,
three theme blocks, and eight other paper-and-pencil cognitive blocks. Each block usually
contained both multiple-choice and constructed-response items. Each student’s booklet consisted
of three blocks of cognitive items and students were allowed 30 minutes to complete each block.

Each student assessment booklet also included one section of general background
questions (26 items), one section of science background questions (42 items), and one section
related to student motivation (5 items). The total administration time for each student for the
three cognitive blocks and background items was approximately 103 minutes.

The assembly of science blocks into booklets and their subsequent assignment to
sampled students was determined by a complex desigsphighed administration. The final
cognitive block in each booklet was always one of the hands-on task blocks. The other cognitive
blocks were assigned to booklets so that no two theme blocks appeared in the same booklet and
every theme block was paired with each of the non-theme paper-and-pencil blocks exactly once.
Thirteen booklets contained non-theme paper-and-pencil blocks paired with other non-theme
paper-and-pencil blocks. All of the paper-and-pencil blocks appear in the first position and the
second position exactly the same number of times. No booklet contained all items and hence
there is incomplete data for each assessed student.

Table 2-4 provides the composition of each block of items administered in the
1996 State Assessment program in science. Table 2-5 shows the order of the blocks in each
booklet and how the 15 cognitive blocks were arranged across the 37 booklets to achieve the
assessment design.

The assessment booklets were then spiraled and bundled. Spiraling involves
interweaving the booklets in a systematic sequence so that each booklet appears an appropriate
number of times in the sample. The bundles were designed so that each booklet would appear
equally often in each position in a bundle. The students within an assessment session were
assigned booklets in the order in which the booklets were bundled. Thus, students in an
assessment session received different booklets, and only a few students in a session received the
same booklet. In most jurisdictions in the State Assessment, up to 30 students were selected from
each school, with the aim of providing an initial sample size of approximately 3,000 public
school students per jurisdiction per grade, who responded to each item. The nonpublic-school
samples differed in size across the jurisdictions, with the number of schools selected proportional
to the nonpublic-school enroliment within each jurisdiction. Typically about 20 to 25 nonpublic
schools were included for each jurisdiction.
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Table2-4
Block Designations and Assignment
Number of Exercises per Item Type®

Number of Number of Numbers of
Total Multiple-  Constructed- Booklets

Number Choice Response Containing
Block Type of Items Items Items Block
S2BS1 Common Background 26 26 0 37
S2SB1 Science Background 42 42 0 37
S123SB Motivation Block 5 5 0 37
S2S3 Hands-On Task 6 0 6 10
S24 Hands-On Task 10 3 7 9
S23S5 Hands-On Task 8 0 8 9
S12S6B Hands-On Task 7 0 7 9
S2S7 Theme-Based 12 2 10 8
S23S8B Theme-Based 10 5 5 8
S12S9B Theme-Based 13 3 10 8
S2S510 Concept/Problem Solving 16 8 8 6
S2S11 Concept/Problem Solving 16 8 8 6
S23512 Concept/Problem Solving 16 8 8 6
S23S13 Concept/Problem Solving 16 8 8 6
S12S514B  Concept/Problem Solving 16 7 9 8
S12S15B  Concept/Problem Solving 16 7 9 6
S2520 Concept/Problem Solving 16 8 8 6
S2521 Concept/Problem Solving 16 7 9 6

2 This table documents the number of items, not the percentages of assessment time.
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Table 2-5
Booklet Contents for Grade 8 Science Assessment

Hands-On Common Science Science

Booklet  Cognitive  Cognitive Task Background Background M otivation
Number Block 1 Block 2 Block Block Block Block

S201E S257 S2S10 S2S3 S2BS1 S2SB1 S123SB
S202F S257 S2S11 S234 S2BS1 S2SB1 S123SB
S203G S257 S23S12 S23s5 S2BS1 S2SB1 S123SB
S204D S257 S23S13 S1256B S2BS1 S2SB1 S123SB
S205E S2S10 S2S11 S2S3 S2BS1 S2SB1 S123SB
S206F S23S12 S23S8B S234 S2BS1 S2SB1 S123SB
S207G S2S10 S23S13 S23s5 S2BS1 S2SB1 S123SB
S208D S2S10 S23S8B S1256B S2BS1 S2SB1 S123SB
S209E S2S11 S23S12 S2S3 S2BS1 S2SB1 S123SB
S210F S23S13 S12514B S234 S2BS1 S2SB1 S123SB
S211G S2S811 S23S8B S23s5 S2BS1 S2SB1 S123SB
S212D S2S811 S12514B S1256B S2BS1 S2SB1 S123SB
S213E S23S13 S23S8B S2S3 S2BS1 S2SB1 S123SB
S214F S23S8B S12S15B 234 S2BS1 S2SB1 S123SB
S215G S23S12 S12514B S23s5 S2BS1 S2SB1 S123SB
S216D S23S12 S12S15B S1256B S2BS1 S2SB1 S123SB
S217E S23S8B S12514B S2S3 S2BS1 S2SB1 S123SB
S218F S12514B S2520 S234 S2BS1 S2SB1 S123SB
S219G S23S8B S2520 S23s5 S2BS1 S2SB1 S123SB
S220D S23S13 S2520 S1256B S2BS1 S2SB1 S123SB
S221E S12S14B S12S15B S2S3 S2BS1 S2SB1 S123SB
S222F S12S15B S2321 S234 S2BS1 S2SB1 S123SB
S223G S12S15B S1259B S23s5 S2BS1 S2SB1 S123SB
S224D S23S8B S2321 S1256B S2BS1 S2SB1 S123SB
S225E S2520 S2521 S2S3 S2BS1 S2SB1 S123SB
S226F S2520 S1259B S23A4 S2BS1 S2SB1 S123SB
S227G S2520 S257 S23s5 S2BS1 S2SB1 S123SB
S228D S12514B S1259B S1256B S2BS1 S2SB1 S123SB
S229E S2521 S1259B S2S3 S2BS1 S2SB1 S123SB
S230F S2521 S257 S234 S2BS1 S2SB1 S123SB
S231G S2521 S2510 S23s5 S2BS1 S2SB1 S123SB
S232D S12S15B S257 S1256B S2BS1 S2SB1 S123SB
S233E S12S9B S23S13 S2S3 S2BS1 S2SB1 S123SB
S234F S12S9B S2510 S234 S2BS1 S2SB1 S123SB
S235G S1259B S2511 S23s5 S2BS1 S2SB1 S123SB
S236D S12S9B S23512 S1256B S2BS1 S2SB1 S123SB
S237E S12514B S257 S2S3 S2BS1 S2SB1 S123SB
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27 BACKGROUND QUESTIONNAIRES

As part of the State Assessment (as well as the national assessment), a series of
guestionnaires was administered to students, teachers, and school administrators. Similar to the
development of the cognitive items, the devel opment of the policy issues and questionnaire items
was a consensual process that involved staff work, field testing, and review by external advisory
groups. A Background Questionnaire Committee drafted a set of policy issues and made
recommendations regarding the design of the items. They were particularly interested in
capitalizing on the unique properties of NAEP and not duplicating other surveys (e.g., the
National Survey of Public and Private School Teachers and Administrators, the School and
Staffing Study, and the National Educational Longitudinal Study). The policy issues, items, and
field test results were reviewed by the group of external consultants who identified specific items
to beincluded in the final questionnaires. In addition, the Science Instrument Devel opment
Committee and state representatives were consulted on the appropriateness of issues addressed in
the questionnaires as they relate to science instruction and performance. The items underwent
ETS and NCES review procedures to ensure fairness and quality and were then assembled into
guestionnaires. The questionnaires were then submitted to the Office of Management and Budget
(OMB) for approval.

2.7.1 Student Questionnaires

In addition to three blocks of cognitive items, each booklet in the 1996 State Assessment
included three student questionnaires. Two of these were sets of general and science background
questionnaires designed to gather contextual information about students, their instructional
experiencesin science, and their attitudes toward science. The third questionnaire was given to
students at the end of each booklet to determine students’ motivation in completing the
assessment and their familiarity with assessment tasks (see Table 2-5 for placement).

Thestudent demogr aphics (common background) questionnair e included questions
about race/ethnicity, mother’s and father’s level of education, types of reading materials in the
home, and school attendance.

Thescience background questionnair e included questions that addressed the
following.

Attitudes Towards Sciences: Students were asked a series of questions about their
attitudes and perceptions about science.

Time Spent Sudying Science: Students were asked to describe both the amount of
instruction they received in science and the time spent on science homework.

Instructional Practices. Students were asked to report their instructional
experiences related to science in the classroom, including group work, special
projects, and writing in response to science. In addition, they were asked about the
instructional practices of their science teachers.
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The student motivation questionnair e asked students how many questions they thought
they got right on the NAEP science assessment, how difficult they found it, how hard they tried,
how important it was for them to do well, and how often they wrote long answers on tests or
assignments for science.

2.7.2 Teacher, School, and SD/LEP Student Questionnaires

To supplement the information on instruction reported by students, the science teachers
of the students participating in the State Assessment were asked to complete a questionnaire that
addressed teachers’ background and general training as well as their science preparation and
information concerning science instruction.

TheTeacher Questionnaire, Part |: Background and General Training included
questions about gender, race/ethnicity, years of teaching experience, certification, degrees, major
and minor fields of study, course work in education, course work in specific subject areas,
amount of in-service training, professional development activities, and availability of resources
for their classroom.

TheTeacher Questionnaire, Part I1: Science Preparation and Science I nstructional
Information included questions on the number and types of science courses taken over the past
two years, membership to science organizations, frequency of instructional activities such as
asking students to prepare a written science report or an oral science report, emphasis on
objectives such as developing science problem-solving skills, methods used to assess student
progress in science, and ability level of students in class.

A School Characteristics and Policies Questionnaire was given to the principal of
each school that participated in the state assessment program. This questionnaire asked about
background and characteristics of school principals, length of school day and year, school
enrollment, absenteeism, drop-out rates, size and composition of teaching staff, policies about
grouping students, curriculum, testing practices and uses, special priorities and school-wide
programs, availability of resources, special services, community services, policies for parental
involvement, and school-wide problems.

The SD/LEP Student Questionnaire was completed by the teachers of those students
who were selected to participate in the State Assessment sample and were identified as students
with a disability (SD) or were categorized as being of limited English proficiency (LEP). Some
of these students were determined by the school to be ineligible to be assessed. In order to be
excluded from the assessment, a student must have been identified as SD and must not have been
mainstreamed at least 50 percent of the time, or was categorized as LEP. In addition, the school
staff would have needed to determine that it was inappropriate to include these students in the
assessment. This questionnaire asked about the nature of the student’s disability or about the
students’ native language, and the special programs in which the student participated.
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28 ASSESSMENT INSTRUMENTSUSED IN THE GRADE 4 SCIENCE
ASSESSMENT OF DoDEA STUDENTS

The grade 4 student booklets and questionnaires used in the assessment of DODEA
students were the same as those used in the 1996 grade 4 national science assessment. They were
developed using the same procedures described in this chapter and for the development of the
grade 8 assessment instrument.

There are aso similarities between the framework for the grade 4 and grade 8
assessments. The same fields of science, ways of knowing and doing science, and overarching
domains were identified for both grades. However, the important specification of the distribution
of assessment time varied by grade. Tables 2-6 through 2-8 contain the distribution for fields of
science, knowing and doing science, and nature of science and themes, respectively.

Table 2-6
Distribution of Assessment Time by Fields of Science, Grade 4

Fields of Science Recommended Actual
Earth Science 33% 33%
Physical Science 33% 33%
Life Science 33% 33%
Table 2-7

Distribution of Assessment Time by Knowing and Doing Science, Grade 4

Knowing and Doing Science

Elements Recommended Actual

Conceptua Understanding 45% 45%

Scientific Investigation 45% 38%

Practical Reasoning 10% 17%
Table 2-8

Distribution of Assessment Time Devoted to The Nature of Science and Themes, Grade 4

Overarching Domains  Recommended Actual
Nature of Science >15% 19%
Themes 33% 53%"

!Several of the hands-on tasks were classified as themes.

An additional difference between the content of the cognitive items for the two grades
was in the area of life science. The grade 4 assessment instrument did not include any items
concerning cells and their functions.
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The assessment design was parallel for the grade 4 and grade 8 assessments. The same
complex spiraled design was used. Student booklets were also laid out in the same way for both
grades. Studentsin grade 4 received only 20 minutes to complete each block of cognitive items,
rather than the 30 minutes provided for grade 8 students. Asfor grade 8, students, teachers,
school, and SD/LEP student questionnaires were used at grade 4.



Chapter 3

SAMPLE DESIGN AND SELECTION1

John Burke and James L. Green
Westat, Inc.

31 OVERVIEW

The 1996 State Assessment program in mathematics included assessments of fourth- and
eighth-grade studentsin public- and nonpublic-schools. For the eighth-grade, the samples
selected for both the mathematics and science assessment were selected as part of the same
process. Some schools that were selected for participation in the eighth-grade sample provided
both students that were assessed in mathematics and students that were assessed in science. (This
was also true for the DDESS and DoDDS sample.) A representative sample of public- and
nonpublic-school students was drawn in each participating jurisdiction. Each sample was
designed to produce aggregate estimates as well as estimates for various subpopul ations of
interest with approximately equal precision for the participating jurisdictions. The sample for the
fourth- and eighth-grade public-school assessmentsin each jurisdiction consisted of about 3,150
assessments (before attrition) in each subject from about 100 public schoolsin each case. The
target for nonpublic-school assessments varied by jurisdiction and was proportional to their
representation in the jurisdiction.

Thetarget population for the 1996 State Assessment program included studentsin public
and nonpublic schools who were enrolled in the fourth and eighth grade at the time of
assessment. The sampling frame included public and nonpublic schools having the relevant grade
in each jurisdiction. The samples were selected based on a two-stage sample design; selection of
schools within participating jurisdictions, and selection of students within schools. The
first-stage samples of schools were selected with probability proportional to a measure of size
based on the estimated grade-specific enrollment in the schools. Special procedures were used
for jurisdictions with many small schools, and for jurisdictions having small numbers of grade-
eigible schools.

Stratification variables were added to the sampling frame prior to sample selection.
Public schools were stratified by urbanization and minority class and nonpublic schools were
stratified by metro area status and school type. The urbanization strata were defined in terms of
large or mid-size central city, urban fringe of large or mid-size city, large town, small town, and
rural areas. Within urbanization strata, public schools were further stratified explicitly on the
basis of minority enrollment in those jurisdictions with substantial Black or Hispanic student
population. Minority enrollment was defined as the total percent of Black and Hispanic students
enrolled in a school. Within minority strata, public schools were sorted by median household
income of the ZIP code area where the school was located. Metro area status was determined by
U.S. Bureau of Census definitions as of June 30, 1993. School type was a dichotomous variable
(Catholic or other nonpublic). Within school type, nonpublic schools were sorted by estimated
grade enrollment.

Ljohn Burke was responsible for overseeing all sampling activities, James Green carried out most of these activities.
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From the stratified frame of public schools within each jurisdiction, a systematic random
sample of about 100 grade-eligible schools was drawn with probability proportional to a measure
of size based on the estimated grade-specific enrollment of the school. Each selected school
provided alist of eligible enrolled students, from which a systematic sample of students was
drawn. One or more sessions of 30 students were sampled within each school. The number of
sessions selected depended on the school’s estimated grade-specific enrollment, though the
overwhelming majority of schools at grade 4 were allocated a single session.

One fourth of the selected public schools were designated at random to be monitored
during the assessment field period so that reliable comparisons could be made between sessions
administered with and without monitoring. This was done in all jurisdictions that participated in
the 1994 Trial State Assessments. One half of the selected public schools were designated to be
monitored in jurisdictions that did not participate in the 1994 Trial State Assessments.

Approximately 3,150 public-school students were targeted for selection for a given grade
and subject in a given jurisdiction. On average, 109 public schools and 20 nonpublic schools
were selected for fourth grade in each jurisdiction and 105 public schools and 31 nonpublic
schools were selected for eighth grade in each jurisdiction. The maximum number of public and
nonpublic schools sampled in a jurisdiction were 139 and 44, respectively, for fourth grade. The
minimum number of public and nonpublic schools sampled in a jurisdiction were 22 and 10,
respectively, for fourth grade. The maximum number of public and nonpublic schools sampled
for eighth grade were 159 and 68, respectively. The minimum number of public and nonpublic
schools sampled in a jurisdiction were 6 and 10, respectively, for eighth grade.

The 1996 State Assessment was preceded in 1995 by a field test. The principal goals of
the field test were: 1) to test new items contemplated for 1996, and 2) to test procedures
contemplated for 1996. Schools that participated in the field test were given a chance of selection
in the 1996 assessment. Section 3.2 documents the procedures used to select the schools for the
field test.

Section 3.3 describes the construction of the sampling frames, including the sources of
school data, missing data problems, and definition of in-scope schools. Section 3.4 includes a
description of the various steps in stratification of schools within participating jurisdictions.
School sample selection procedures (including new and substitute schools) are described in
Section 3.5. Section 3.5.5 includes information about the selection of schools for application of
the two sets of inclusion rules (S1 and S2 subsamples) used in the State Assessment. Section 3.6
includes the steps involved in selection of students within participating schools.

32 SAMPLE SELECTION FOR THE 1995 FIELD TEST

The 1995 field test for the State Assessment program was conducted together with the
field test for the national portion of the assessment. In these field tests, assessments were piloted
in: mathematics, science, and the arts (dance, music, theater, and visual arts). All jurisdictions
were included in the field test except Alaska, Delaware, the District of Columbia, Hawaii, Rhode
Island and Wyoming, which were excluded due to the heavy burden placed on these small
population jurisdictions by the main assessment. The field test was conducted for grades 4, 8,
and 12. Groups of three schools were identified as described in Section 3.2.2, with one school
from each group to be included in the test. This allowed state participation in the selection of the
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test schools and also facilitated replacement of schools that declined to participate in the
assessment. Sampling weights were not computed for the field test samples.

3.2.1 Primary Sampling Units

Thefield test primary sampling units (PSU) sampling frame was derived from the
national list of U.S. counties. The frame was stratified by state and metro area status. Two
hundred and fifteen PSUs were selected from the resulting field test frame. Twenty PSUs were
selected with certainty and 195 noncertainty PSUs were selected [0 one per honcertainty stratum.
The PSUs were selected systematically and with probability proportional to the 1990 PSU
population. Counties that were noncertainty selections for the Third International Mathematics
and Science Study (TIMSS), the 1996 NAEP national assessment, and the 1996 NAEP trend
samples were excluded from the sampling frame. The number of counties selected per
jurisdiction ranged from 2 to 10.

3.2.2 Selection of Schools and Students

Public and nonpublic schools with fourth-, eighth-, or twelfth-grade students were
in-scope for the field test assessment. Schools with fewer than 40 students were eliminated from
the sampling frame to avoid the relatively high per student cost of conducting assessmentsin
small schools. Schools selected as originals or substitutes for TIMSS were aso eliminated from
the frame.

Across al three grades from the resulting sampling frame, 1,285 groups of three schools
were selected. The first member of each group of schools was selected systematically and with
probability proportional to grade enrollment. The twelfth-grade sample was drawn first followed
by the eighth- and fourth- grade samples. The selected twelfth-grade school s were removed from
the frame before drawing the eighth-grade sample. The selected twelfth- and eighth-grade
schools were removed from the frame before drawing the fourth-grade sample. In this way, no
school was selected for more than one grade.

The second member of each group of three schools was selected within the same district
as the first member and in such a way that the “distance” (described in Section 3.5.6) from the
preliminary selection, based on percent of Black students, percent of Hispanic students, grade
enrollment, and percent of students living below poverty, was the smallest across all schools
remaining after the fourth-, eighth-, and twelfth-grade sampling. The third member was selected
similarly, but in a different district in the same PSU as the first and second members. In some
cases, a third member was not available for each group of schools.

3.2.3 Assignment to Sessionsfor Different Subjects

Up to six different session types were assigned in a given jurisdiction. The particular
number of session types varied by grade. Table 3-1 gives the overall number of schools selected
for each grade and session type.
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Table 3-1
Number of Schools Selected for the Field Test for Each Grade and Session Type

Session Type' Grade4 Grade8 Grade 12
Mathematics/Science 75 80 90
Mathematics Trend 75 75 75
Visua ArtsMusic 75 70 100
Theater and Dance 85 85 120
Spanish/Bilingual 120 120 0
SD Accommodations 20 20 0
Total 450 450 385

The mathematics and science sessions were sessions where items selected for the 1996 State Assessment program were
administered. The mathematics trend sessions were sessions where booklets from the 1996 Trial State Assessment
program in mathematics were administered. The results from students included in these sessions were used to verify
that the 1996 and 1992 assessments could be placed on the same scale. The two types of arts sessions were selected for
every grade. They were administered at grades 4 and 8, although the grade 12 sessions were administered the arts field
test in 1997. The Spanish/bilingual and SD accommodations sessions were administered using specia booklets to
determine whether SD/LEP students could participate in the 1996 assessment with special accommodations.

The number of sessions assigned to an individua school depended on the size of the school and
the subject(s) that school was assigned.

3.3 TARGET POPULATION AND SAMPLING FRAME FOR THE 1996
ASSESSMENT

3.3.1 Target Population

The target population for the 1996 State Assessment included students in public and
nonpublic schools who were enrolled in the fourth or eighth grade. Nonpublic schools included
Catholic schoals, other religious schools, private schools, DDESS, and Bureau of Indian Affairs
(BIA) schools. Special education schools were not included. Both S1, based on the old inclusion
rules, and S2, based on the new inclusion rules, shared this target population (see Chapter 4).

3.3.2 Sampling Frame

In order to draw the school samples for the 1996 State Assessment, it was necessary to
obtain a comprehensive list of public and nonpublic schoolsin each jurisdiction. For each school,
useful information for stratification purposes, reliable information about grade span and
enrollment, and accurate information for identifying the school to the state coordinator (district
membership, name, address) were required.

Based on the experience with the 1992 and 1994 Trial State Assessments, and national
assessments from 1984 to 1994, the file made available by Quality Education Data, Inc. (QED)
was elected as the sampling frame. The National Center for Education Statistics’ Common Core
of Data (CCD) school file was used to check the completeness of the QED file.
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The QED list coversal U.S. states and jurisdictions except Puerto Rico. The version of
the QED file used was released in late 1994, in time for selection of the school samplein early
1995. The file was missing racial/ethnic minority enrollment and urbanization data for a sizable
minority of schools (due to the inability of QED to match these schools with the corresponding
CCD file). Considerable efforts were undertaken to obtain these variables for al schoolsin
jurisdictions where these variables were to be used for stratification. These efforts are described
in the next section.

A new addition for 1996 was the joint use of QED and National Center for Education
Statistics' Private School Universe Survey (PSS) lists of nonpublic schools. These two sources
were combined, eliminating duplicates as necessary and increasing coverage throughout the
combined frame. When a given school was found on both lists, the PSS data were given priority.

Tables 3-2 and 3-3 show the distribution of fourth- and eighth-grade schools and
enrollment within schools as reported in the combined frame. Grade-specific enrollment was
estimated for each school as the quotient of total school enrollment and the number of grades in

the school.
Table 3-2
Distribution of Fourth-Grade Schools and Enrollment in Combined Frame
Public Schools Nonpublic Schools
Jurisdiction Total Schools Total Enrollment Total Schools Total Enrollment

DoDEA/DDESS 39 3,118 N/A N/A
DoDEA/DoDDS 113 7,291 N/A N/A
Total 152 10,415 N/A N/A

Table 3-3

Distribution of Eighth-Grade Schools and Enrollment In Combined Frame
Public Schools Nonpublic Schools
Jurisdiction Total Schools Total Enrollment Total Schools Total Enrollment

Alabama 484 56,995 245 5,363
Alaska 256 9,240 59 481
Arizona 328 54,351 227 4,210
Arkansas 344 35,074 110 1,846
California 1,642 379,030 2,023 47,939
Colorado 325 46,695 224 3,795
Connecticut 207 34,383 248 5,828
Delaware 29 7,751 101 2,097
District of Columbia 32 4,808 46 1,435
DoDEA/DDESS 12 1,517 N/A N/A
DoDEA/DoDDS 66 5,353 N/A N/A
Florida 466 152,838 839 19,767
Georgia 398 97,029 385 8,297
Guam 6 2,199 12 498

(continued)
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Table 3-3 (continued)

Distribution of Eighth-Grade Schools and Enrollment In Combined Frame

Public Schools Nonpublic Schools
Jurisdiction Total Schools Total Enrollment Total Schools Total Enrollment
Hawaii 52 12,845 84 3,341
Indiana 437 76,101 558 9.073
lowa 409 38,331 194 4,461
Kentucky 357 51,275 238 6,293
Louisiana 431 59,102 352 13,767
Maine 235 16,134 98 1,077
Maryland 229 57,586 383 9,942
M assachusetts 383 61,789 407 10,656
Michigan 737 120,422 819 16,577
Minnesota 424 59,224 361 7,447
Mississippi 301 39,570 143 4,076
Missouri 633 63,768 441 10,375
Montana 321 12,800 81 834
Nebraska 577 22,137 173 3,502
Nevada 95 18,626 44 840
New Hampshire 132 14,600 78 1,228
New Jersey 664 84,346 660 18,516
New Mexico 152 24,249 148 2,387
New York 1,013 187,305 1,368 42,412
North Carolina 526 89,074 377 6,856
North Dakota 237 9,065 54 743
Oregon 343 39,630 195 2,808
Rhode Island 52 10,286 77 2,163
South Carolina 252 51,010 206 3,679
Tennessee 533 66,684 325 7,044
Texas 1,488 271,798 680 16,095
Utah 142 36,877 54 913
Vermont 126 7,413 52 575
Virginia 336 79,009 362 7,124
Washington 425 70,998 345 6,430
West Virginia 206 24,448 126 1,214
Wisconsin 513 61,628 778 13,729
Wyoming 96 7,971 31 195
Total 21,740 3,243,013 18,452 423,591
34 STRATIFICATION

3.4.1 Stratification Variables

The stratification used for sample selection varied by school type (public or nonpublic).
Stratification of public schoolsinvolved four primary dimensions whereas the stratification of
nonpublic schools involved three primary dimensions. Public schools were stratified
hierarchically by small or large district status, school size class, urbanization classification and



minority classification. Nonpublic schools were stratified by size class, metro area status and
school type (Catholic or other nonpublic). Public schools were further stratified implicitly by
median household income of the ZIP code area where the school was located (i.e., sorted in
ascending or descending order) and nonpublic schools were further stratified implicitly by
estimated grade enrollment in order to provide some control of these variables. The DDESS
schools, the DoDDS schools (except fourth grade), and Guam samples are not included in these
tables as all schools in these jurisdictions were sampled with certainty, thereby requiring no
stratification. The DoDDS fourth-grade sample was sorted by Department of Defense Education
Activity (DoDEA) area (Europe, Pacific, etc.), DODEA district (Brussels, Heidelberg, Italy, etc.),
and estimated fourth-grade enrollment prior to sample selection.

3.4.2 Missing Stratification Variables

As stated earlier, the sampling frame for the 1996 State Assessment was the most recent
version of the QED file available combined with the 1993 PSS list of nonpublic schools. The
CCD file was used to extract information on urbanization (“type of location”) for public schools
where this information was missing on the QED file. Any public schools with missing values
remaining in urbanization or minority enrollment data were imputed.

Schools with missing values in urbanization data were assigned the urbanization of other
school records within the same state, county, and city when urbanization did not vary within the
given city. Any schools still missing urbanization were assigned the modal value of urbanization
within their city. Any remaining missing values were assigned individually based on city using
U.S. Bureau of Census publications.

Schools with missing values in minority enrollment data were assigned the average
minority enrollment within their school district. Any schools still missing minority enroliment
data were assigned values individually using ZIP code and U.S. Bureau of Census data. The
minority data were extracted only for those schools in jurisdictions in which minority
stratification was performed.

Metro area status was assigned to each nonpublic school based on U.S. Bureau of Census
definitions as of June 30, 1993, based on Federal Information Processing Standard (FIPS) county
code, and was found for all schools in the sampling frame. The Catholic school flag was assigned
to each nonpublic school based on the QED or PSS school type and was found for all schoals in
the sampling frame.

Median household income was assigned to every school in the sampling frame by
merging on ZIP code with a file from Donnelly Marketing Information Services. Any schools

still missing median household income were assigned the mean value of median household
income for the three-digit ZIP code prefix or county within which they were located.

3.4.3 Urbanization Classification

Urbanization classification was created based on the NCES type of location variable.
The type of location variable contains at most seven levels:
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Large Central City: A central city of a Metropolitan Statistical Area (MSA)
with a population greater than or equal to 400,000, or a population density
greater than or equal to 6,000 persons per square mile;

Mid-size Central City: A central city of an MSA but not designated as a
large central city;

Urban Fringe of Large City: A place within an MSA of a large central city
and defined as urban by the U.S. Bureau of Census,

Urban Fringe of Mid-Sze City: A place within an MSA of a mid-size central
city and defined as urban by the U.S. Bureau of Census;

Large Town: A place not within an MSA, but with a population greater than
or equal to 25,000 and defined as urban by the U.S. Bureau of Census,

Small Town: A place not within an MSA, with a population less than 25,000,
but greater than 2,499 and defined as urban by U.S. Bureau of Census; and

Rural: A place with a population of less than 2,500 and defined as rural by
the U.S. Bureau of Census.

Urbanization classification was created by collapsing type of location categories as
necessary and according to specific rules until each urbanization stratum included a minimum of
10 percent of eligible studentsin the participating jurisdiction. Table F-1 in Appendix F provides
the urbanization classifications used within each jurisdiction for grade 8.

3.4.4 Minority Classification

Minority classification was created within urbanization strata and was based on a
school’s percentages of Black and Hispanic students. Three different minority classification
schemes were used and are described as follows:

Case 1: Urbanization strata with less than 10 percent Black students and 7
percent Hispanic students were not stratified by minority enroliment
(Level 0);

Case 2: Urbanization strata with greater than or equal to 10 percent Black
students or 7 percent Hispanic students, but not more than 20 percent of
each, were stratified by ordering percent minority enrollment (Black plus
Hispanic) within the urbanization classes and dividing the schools into three
groups with about equal numbers of students per minority classification
(Levels 1, 2, and 3); and

Case 3: In urbanization strata with greater than 20 percent of both Black and
Hispanic students, minority strata were formed with the objective of
providing equal strata with emphasis on the minority group (Black or
Hispanic) with the higher concentration. The stratification was performed as
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follows. The minority group with the higher percentage gave the primary
stratification variable; the remaining group gave the secondary stratification
variable. Within urbanization class, the schools were sorted based on the
primary stratification variable and divided into two groups of schools
containing approximately equal numbers of students based on estimated
grade enrollment. Within each of these two groups, the schools were sorted
by the secondary stratification variable and subdivided into two subgroups of
schools containing approximately equal numbers of students. As a result,
within urbanization strata there were four minority classifications (e.g., low
Black/low Hispanic, low Black/high Hispanic, high Black/low Hispanic, and
high Black/high Hispanic (Levels 4, 5, 6, and 7).

The minority groups and classifications were formed solely for the purpose of creating
efficient stratification design at this stage of sampling. These classifications are not directly used
in analysis and reporting of the data, but will act to reduce sampling errors. Table F-1in
Appendix F provide information on minority stratification for the participating jurisdictions for
grade 8.

345 Median Household Income

Prior to the selection of the school samples, the public schools were sorted by their four
stratification variables (small or large district status, school class size, urbanization classification,
and minority classification) in an order such that changes occur on only one variable at atime
(also known as a serpentine order.) This is accomplished by alternating between ascending and
descending sort order on each variable successively through the sort hierarchy. Within this sorted
list, the schools were sorted, in serpentine order, by the median household income. This final
stage of sorting resulted in implicit stratification of median household income. The data on
median household income was related to the ZIP code area in which the school islocated. The
data were derived from the 1990 Census and are obtained from Donnelly Marketing Information
Services.

3.4.6 Metro Area Status

All schools in the sampling frame were assigned a metro area status based on their FIPS
county code and Office of Management and Budget (OMB) Metropolitan Area Definitions as of
June 30, 1993. Thisfield indicated if a school was located within a metropolitan area or not.
Table F-2 in Appendix F provides information on metro area status stratification for the
participating jurisdictions for grade 8.

3.4.7 School Type
All nonpublic schools were assigned a school type (Catholic or other nonpublic) based

on their QED or PSS school-type variable. Table F-2 in Appendix F provides information on
school-type stratification for the participating jurisdictions for grade 8.



35 SCHOOL SAMPLE SELECTION
3.5.1 Measureof Sizeand Sample Selection

Each grade-eligible school was assigned an estimated grade enrollment by dividing its
total student enrollment by its number of grades. Each school was then assigned a measure of
size based on the following function of estimated grade enroliment (EGE). Tables 3-4 and 3-5
provide the estimated grade enrollment and measure of size for both subject areas for grades 4
and 8.

Table3-4
Estimated Grade Enrollment and Measure of Sze, Grade 4
Estimated Grade Enrollment M easure of Size
EGE< 10 15
10<EGE< 20 1.5* EGE
20<EGE < 33 30
33<EGE EGE
Table 3-5
Estimated Grade Enrollment and Measure of Sze, Grade 8
Estimated Grade Enrollment Measure of Size
EGE< 10 30
10<EGE< 20 3* EGE
20<EGE <65 60
65 < EGE EGE

Schools were designated as being in “small” or “large” districts and were assigned to one
of two size classes, as shown in Tables 3-4 and 3-5. A large district was defined as a district
containing 20 percent or more of a jurisdiction’s student population. All other districts were
considered small. Schools were assigned to the large size class if their estimated grade
enrollment was greater than 19. Otherwise schools were assigned to the small size class.

A sample of schools was then selected for each jurisdiction with probability proportional
to each school’'s measure of size. The sampling frame of schools was sorted in systematic order
prior to sample selection, as follows:

* Public schools

O Small or large district status,
Size class,
Urbanization stratum,
Minority stratum, and
Median household income.
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e Nonpublic schools

0 Sizeclass,
Metro area status,
Catholic/non Catholic, and
Estimated grade enrolIment.

OooOoad

Sorting the sampling frame in a specific order prior to systematic sample selection
ensures that the sampled units represent a variety of population subgroups.

3.5.2 Control of Overlap of School Samplesfor National Educational Studies

The issue of school sample overlap has been relevant in all rounds of NAEP in recent
years. To avoid undue burden on individual schools, NAEP developed a policy for 1996 of
avoiding overlap between national and state samples. Thiswas to be achieved without unduly
distorting the resulting samples by introducing bias or substantial variance. The procedure used
was an extension of the method proposed by Keyfitz (1951). The general approach isgivenin
The NAEP 1994 Technical Report (Allen, Kline, & Zelenak, 1996). Counts of school selection
for both state and national NAEP are found in Table 3-6.

Table 3-6
Number of Schools Selected for Both State and National NAEP, by Grade and School Type

State NAEP National NAEP Grade
Grade School Type 4Main 4Trend 8Main 8Trend 12Main 12Trend
4 Public 10 29 9 4 4 0
4 Nonpublic 0 2 17 1 11 5
8 Public 8 4 53 101 26 4
8 Nonpublic 23 5 5 5 22 4

3.5.3 Sdection of Schoolsin Small Jurisdictions

All schools in jurisdictions with small numbers of public schools for both subject areas
were selected. The jurisdictions and grades are shown in Table 3-7.



Table 3-7
Jurisdictions Where All Public Schools were Selected, by Grade and School Type

Public Nonpublic
Jurisdiction Grade4 Grade 8 Grade4 Grade 8

Delaware * *

District of Columbia * * *
DoDEA/DDESS * * N/A N/A
DoDEA/DoDDS * N/A N/A
Guam * * * *
Hawaii *

Rhode Island *

3.5.4 New School Selection

A sample of new schools was drawn to properly reflect additions to the target population
occurring after the sampling frame building information was created.

A didtrict-level file was constructed from the combined QED and PSS school-level files.
The district-level file was divided into asmall districtsfile, consisting of those districtsin which
there were at most three schools on the aggregate frame and no more than one fourth-, one
eighth-, and one twelfth-grade school. The remainder of districts were denoted as “medium and
large” districts.

A sample of medium and large districts was drawn in each jurisdiction. All districts were
selected in Delaware, the District of Columbia, Hawaii, and Rhode Island. The remaining
jurisdictions in the file of medium and large districts (eligible for sampling) were divided into
two files within each jurisdiction. Two districts were selected per jurisdiction with equal
probability among the smaller districts with combined enrollment of less than or equal to 20
percent of the state enrollment. From the rest of the file, eight districts were selected per
jurisdiction with probability proportional to enroliment. The breakdown given above applied to
all jurisdictions except Alaska and Nevada, where four and seven districts were selected with
equal probability and six and three districts were selected with probability proportional to
enrollment, respectively. The 10 selected districts in each jurisdiction were then sent a listing of
all their schools that appeared on the file, and were asked to provide information about the new
schools not included in the file. These listings, provided by selected districts, were used as
sampling frames for selection of new schools.

The eligibility of a school was determined based on the grade span. A school was also
classified as “new” if a change of grade span was such that the school status changed from
ineligible to eligible. The average grade enrollment for these schools was set to the average grade
enrollment before the grade-span change. The schools found eligible for sampling due to the
grade-span change were added to the new school selection frame.

. . .. [Sampling rate * measure of size 0

The probability of selecting a school was mlnlmE H P(district) 10
whereP(district) was the probability of selection of a district and the sampling rate was the rate
used for the particular jurisdiction in the selection of the original sample of schools.
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In each jurisdiction, the sampling rate used for the main sample of grade-eligible schools
was used to select the new schools. Additionally, all new eligible schools coming from small
districts (those with at most one grade 4 and one grade 8 school) that had a school selected in the
regular sample for the fourth grade were included in the sample with certainty. In the 1996 State
Assessment, there were no such schools.

Table 3-8 shows the number of new schools coming from the medium and large and
small districts for the eighth-grade samples of the 1996 State Assessment in science. There were
no new schools for the DoDEA sample.

Table 3-8
Distribution of New Schools Coming from “Medium” or “Large” and “Small” Districts in the
Eighth-Grade Sample

Number of New Schools
Jurisdiction “Medium” or “Large” Districts “Small” Districts

Alabama
Alaska

Arizona
Arkansas
Cadlifornia
Colorado
Connecticut
Delaware
DoDEA/DDESS
DoDEA/DoDDS
District of Columbia
Florida

Georgia

Guam

Hawaii

Indiana

lowa

Kentucky
Louisiana
Maine

Maryland

M assachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire

ONWKFRPFPNOORFRPRPFPOWOOREFLPONAMANOONORFRPRORLPFLOO
eNeoNeoNoNoloNoNoNoloNoNoNoNoNoNoNoNoNoNoNoNoNololoNoNoNoNeNe]

(continued)
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Table 3-8 (continued)
Distribution of New Schools Coming from “Medium” or “Large” and “Small” Districts
in the Eighth-Grade Sample

Number of New Schools
Jurisdiction “Medium” or “Large” Districts “Small” Districts

New Jersey
New Mexico
New Y ork
North Carolina
North Dakota
Oregon

Rhode Isand
South Carolina
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
Total

TP WORONWRNFRONOROOO
0OC0O00000O0O0O00O0O0OO0OOOO

3.5.5 Assigning Subject, Sample Type, and Monitor Status

Subject assignment rules varied by grade. All fourth grade schools were assigned to
participate in mathematics assessments except for the DDESS and DoDDS samples where the
rules for subject assignment at eighth grade were followed. All eighth-grade schools with 20 or
more students were assigned to participate in both mathematics and science assessments. Schools
with less than 20 students were assigned one subject selected at random.

The 1996 State Assessment used two different sets of inclusion rules (see Chapter 4) for
different sets of schools (S1 and S2 subsamples). A sample type variable was created to reflect
which set of rulesto use within agiven school. The sampled schools were sorted by stratum
(public and nonpublic) and subject (both mathematics and science, mathematics only, and
science only) and then randomly assigned sample type within the sorted list. The sets of inclusion
rules are described in Chapter 4.

Jurisdictions received 25 or 50 percent monitoring of sessions depending on previous
participation in the state assessments. All jurisdictions received 25 percent monitoring except
Alaska, Nevada, Vermont, and Washington, where 50 percent monitoring was used. The sampled
schools were sorted by stratum, subject, and sample type, and then assigned the two levels of
monitoring at random.



3.5.6 School Substitution and Retrofitting

A substitute school was assigned to each sampled school (to the extent possible) prior to
the field period through an automated substitute selection mechanism that used distance
measures as the matching criterion. Schools were also required to be of the same type (i.e.,
public, nonpublic, BIA, and DoDEA schools were only alowed to substitute for each other), and
substitutes for nonpublic, BIA, and DoDEA schools were required to come from within the same
district. Public-school substitutes were required to come from different districts. Two passes
were made at the substitution, with the second pass raising the maximum distance measure
allowed and removing the different district assignment for public schools. This strategy was
motivated from the fact that most public-school nonresponse isreally at the district level.

A distance measure was used in each pass and was cal cul ated between each sampled
school and each potential substitute. The distance measure was equal to the sum of four squared
standardized differences. The differences were calculated between the sampled and potential
substitute school’s estimated grade enrollment, median household income, percent Black
enrollment and percent Hispanic enroliment. Each difference was squared and standardized to
the population standard deviation of the component variable (e.g., estimated grade enroliment)
across all grade-eligible schools and jurisdictions. The potential substitutes were then assigned to
sampled schools by order of increasing distance measure. An acceptance limit was put on the
distance measure of .60 for the first pass. A given potential substitute was assigned to one and
only one sampled school. Some sampled schools did not receive assigned substitutes (at least in
the first pass) because the number of potential substitutes was less than the number of sampled
schools or the distance measure for all remaining potential substitutes from different districts was
greater than .60.

In the second pass, the different district constraint for public schools was lifted and the
maximum distance allowed was raised to .75. This generally brought in a small number of
additional assigned substitutes. Although the selected cut-off points of .60 and .75 on the
distance measure were somewhat arbitrary, they had been decided upon for the 1994 Trial State
Assessment by a group of statisticians reviewing a large number of listings beforehand and
finding a consensus on the distance measures at which substitutes began to appear unacceptable.

Jurisdictions that did not receive substitutes for all selected schools were allowed to
retrofit unused substitutes after part of the field period elapsed. Substitutes that were assigned to
cooperating or ineligible original selections were free to be assigned to other original selections
that did not receive substitutes. These free substitutes were put back into the substitute selection
mechanism described above and allowed to pair up with other original selections.

Cooperating original selections were also allowed to serve as “double session”
substitutes for other pending or refusing schools and were put through the substitute selection
mechanism after retrofitting unused regular substitutes. Double session substitutes are
particularly helpful to small jurisdictions where all or most schools are taken as original
selections, thereby leaving no or few schools available as substitutes.

Tables F-3 and F-4 in Appendix F include information about the number of substitutes
provided in each jurisdiction. Of the 47 participating jurisdictions, 41 were provided with at least
one substitute at grade 8. Among jurisdictions receiving no substitutes, the majority had 100
percent participation from the original sample.
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Tables F-5 through F-7 in Appendix F show the number of schoolsin the fourth- and
eighth-grade science samples, together with school response rates observed within participating
jurisdictions. The tables also show the number of substitutesin each jurisdiction that were
associated with a nonparticipating origina school selection, and the number of those that
participated.

3.6 STUDENT SAMPLE SELECTION
3.6.1 Student Sampling and Participation

Schools initially sent a complete list of students to a central location in November 1995.
They were not asked to list students in any particular order, but were asked to implement checks
to ensure that all grade-eligible students were listed. Based on the total number of students on
thislist, the “Student Listing Form,” sample line numbers were generated for student sample
selection. To generate these line numbers, the sampler entered the number of students on the
form and the number of sessions into a calculator or personal computer that had been
programmed with the sampling algorithm. The program generated a random start that was used to
systematically select the student line numbers (30 per session). To compensate for new enrollees
not on the Student Listing Form, extra line numbers were generated for a supplemental sample of
new students.

After the student sample was selected, the administrator at each school identified
students who were incapable of taking the assessment either because they were identified as
students with disabilities (SD) or because they were classified as being of limited English
proficiency (LEP). Two different sets of inclusion rules were used: a set used in previous
assessments and a new set that was meant to clarify the inclusion rules used in NAEP and to
provide wider inclusion of SD and LEP students (see Olson & Goldstein, 1997).

When the assessment was conducted in a given school, a count was made of the number
of nonexcluded students who did not attend the session. If this number exceeded three students,
the school was instructed to conduct a makeup session, to which all students who were absent
from the initial session were invited.

Tables F-8 through F-10 in Appendix F provide the distribution of the student samples
and response rates by grade, school type, and jurisdiction.

3.6.2 TheReduced Sample Option

All jurisdictions were given the option to reduce the expected student sample size in
order to reduce testing burden and the number of multiple-testing sessions for participating
schools. If jurisdictions chose to exercise this option, the estimates obtained from the assessment
were more variable than they otherwise would have been. In general, jurisdictions could reduce
student sample sizes by adjusting the number of sessions with participating schools subject to the
following constraints:
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e The minimum number of sessions per school had to be equal to 1;

e The maximum number of sessions per school had to be equal to 2 at fourth
grade and 3 at eighth grade;

»  The expected student sample size from the reduced sample was greater than
or equal to half of the original student sample size.

Table 3-9 shows the jurisdictions that exercised the reduced sample option at each grade
for both subject areas.

Table 3-9
Jurisdictions Exercising the Reduced Sample Option, By Grade
Jurisdiction Grade4 Grade 8

Alaska *
Delaware * *
Guam *
Hawaii *
Rhode Island *
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Chapter 4

STATE AND SCHOOL COOPERATION AND FIELD
ADMINISTRATION*

Nancy W. Caldwell
Westat, Inc.

41 OVERVIEW

By volunteering to participate in the State Assessment and in the field test that preceded
it, each jurisdiction assumed responsibility for securing the cooperation of the schools sampled
by NAEP. The participating jurisdictions were responsible for the actual administration of the
1996 State Assessment at the school level. The 1995 field test, however, operated within the
framework of the national (rather than state) model. Therefore, for the field test, NAEP field staff
were responsible for securing cooperation for, scheduling, and conducting the assessments. This
chapter describes state and school cooperation and field administration procedures for both the
1995 field test and the 1996 assessment program. Section 4.2 presents information on the field
test, while Section 4.3 focuses on the 1996 State A ssessment.

42 THEFIELD TEST

421 Conduct of theField Test

In preparation for the 1996 state and national assessment programs, afield test of the
forms, procedures, and booklet itemswas held in late January through early March 1995. In this
field test, assessments were piloted in: mathematics, science, and the arts (dance, music, theater,
and visual arts). In an effort to increase the participation of limited English proficient (LEP)
students and students with disabilities (SD), the mathematics field test included bilingual and
Spanish-language versions of three test booklets, newly developed Braille and large-print
booklets, and the provision of additional testing accommodations for students with disabilities
and students with limited English proficiency. Results for the field testing of the Spanish-
language mathematics assessment, Braille and large-print booklets, and special testing
accommodations are contained in a separate report prepared by Educational Testing Service
(ETS) (Anderson, Jenkins, & Miller, 1996).

A number of new complexities were planned for the 1996 assessment, such as increased
use of manipulatives in mathematics, theme blocks in mathematics, hands-on tasks in science,
and performance items in dance, music, theater, and visual arts. The complexities of mathematics
and science substantially increased the scope of the 1996 assessment, as originally defined, and
were rehearsed as part of the field test.

In September 1994, letters were sent from the U.S. Department of Education to all Chief
State School Officersinviting them to participate in the 1995 field test of materials and

1 Nancy W. Caldwell directed survey operations and field activities for the NAEP assessments.
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procedures. In an effort to secure the participation of more schools and to lessen the burden of
participation on jurisdictions, ETS and Westat offered to perform all of the work involved,
including sampling, communicating with school staff, and administering the assessment.

The school sample for the field test included both public and nonpublic schools and was
designed to involve as many states as possible, thus limiting the burden on each state. However,
states with small numbers of schoolsin which all schools were aready involved in the 1994
National Assessment program were excluded from the field test sample. As aresult, the original
field test sample consisted of 1,129 public and nonpublic schools spread roughly in proportion to
the population across 38 states. Because the states’ responsibilities were very limited in the field
test, they were asked only to notify districts of their inclusion, and to indicate their support for
participation in the field test. Schools selected for the 1995 field test were designated to have
either arts sessions or mathematics and science sessions, but not both.

Because the focus of the field test was to have as many schools participate as possible,
flexibility was allowed in substituting for the original selections. Three forms of substitution
were available to replace sampled schools that did not participate in the field test. The first type
were schools identified by Westat and located within the same district as the originally sampled
schools. These substitute schools were demographically comparable to those in the original
sample. A second school substitution option allowed district superintendents to choose their own
alternate school. In the event that a district refused to participate, the third option was an “out of
district” substitute, identified by Westat. The type and number of sessions scheduled for an
originally selected school were carried over to the substitute school.

During the period from October to December 1994, all districts and schools in the field
test sample were contacted, cooperation secured, and assessment schedules set. To accomplish
these initial tasks, 21 of the most experienced NAEP supervisors were trained during a three-day
session (in early October 1994) conducted by Westat project staff. Following training, each of
the supervisors was responsible for scheduling activities in several states. In December 1994, the
NAEP field staff was expanded to 72 supervisors. All supervisors, including those in the original
group, attended the second training session. After opening plenary sessions, the trainees were
divided into two groups: arts and mathematics/science. Because of the complicated nature of the
arts field test, it was decided to have supervisors specialize in the administration of either arts or
mathematics/science sessions. Training focused on a review of the scheduling activities during
the fall (e.g., results of initial contacts with districts and schools); sampling procedures;
preparation and distribution of school, teacher, and student questionnaires; administration of the
performance-based arts tasks; classroom management techniques; exercise administrator
training; and completion of administrative forms and procedures.

The period from January 2-20, 1995, was set aside for supervisors to call and visit the
schools in their assignments, draw student samples, prepare Administration Schedules, and
prepare and distribute teacher, school, and SD/LEP student questionnaires. Assessments were
conducted during the period from January 23 through March 10, 1995. Mathematics and science
sessions were scheduled to be completed by February 24, and arts sessions continued through the
end of the data collection period. Throughout the field testing period, supervisors reported
directly to Westat'’s field director through six field managers.



4.2.2 Reaultsof theField Test

A total of 963 originally selected schools and alternates actually participated in the field
test. The final assessed sample of schoolsincluded 434 schools at grade 4, 395 schools at grade
8, and 134 schools at grade 12.

A total of 46,514 students participated in the field test. Of this number, 17,212 students
participated in the 1995 arts field test; these students will be discussed in alater report on the arts
assessment. Student participation in mathematics and science included 11,014 students at grade
4, 11,641 students at grade 8, and 6,647 students at grade 12.

43 THE 1996 STATE ASSESSMENT

Forty-four states, the District of Columbia, and Guam volunteered for the 1996 State
Assessment, as did the Department of Defense Domestic Dependent Elementary and Secondary
Schools (DDESS) and the Department of Defense Dependents Schools Office of Dependents
Education (DoDDS). Table 4-1 identifies the jurisdictions participating in the State A ssessment.

Table4-1
Jurisdictions Participating in the 1996 Sate Assessment Programin Science’
Jurisdictions

Alabama Georgia Mississippi Rhode Island
Alaska Guam Missouri South Carolina
Arizona Hawaii Montana Tennessee
Arkansas Indiana Nebraska Texas
Cdlifornia lowa Nevada Utah
Colorado Kentucky New Hampshire Vermont
Connecticut Louisiana New Jersey Virginia
Delaware Maine New Mexico Washington
DoDEA/DDESS Maryland New Y ork West Virginia
DoDEA/DoDDS Massachusetts North Carolina Wisconsin
District of Columbia Michigan North Dakota Wyoming
Florida Minnesota Oregon

1The 1996 State Assessment in science was conducted at grade 8 only, except for Department of Defense Education
Activity (DoDEA) schools that were also assessed at grade 4 (see Section 4.3.5) as part of a specia assessment.
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4.3.1 Overview of Responsibilities

Data collection for the 1996 State Assessment involved a collaborative effort between
the participating jurisdictions and the NAEP contractors, especially Westat, the field
administration contractor. Westat's responsibilities included:

e selecting the sample of schools and students for each participating
jurisdiction;

» developing the administration procedures and manuals;

e training state personnel to conduct the assessments; and

e conducting an extensive quality assurance program.

Each jurisdiction volunteering to participate in the 1996 program was asked to appoint a
state coordinator. In general, the coordinator was the liaison between NAEP/Westat staff and the
participating schools. In particular, the state coordinator was asked to:

e gain the cooperation of the selected schools;

e assist in the development of the assessment schedule;

« receive the lists of all grade-eligible students from the schools;

» coordinate the flow of information between the schools and NAEP;

e provide space for the Westat state supervisor to use when selecting the
sample of students;

* notify assessment administrators about training and send them their manuals;
and

« send the lists of sampled students to the schools.

At the school level, an assessment administrator was responsible for preparing for and
conducting the assessment session(s) in one or more schools. These individuals were usually
school or district staff and were trained by Westat staff. The assessment administrator’s
responsibilities included:

* receiving the list of sampled students from the state coordinator;

» identifying sampled students who should be excluded;

« distributing assessment questionnaires to appropriate school staff and
collecting them upon their completion;

» notifying sampled students and their teachers;

e administering the assessment sessions(s);

e completing assessment forms; and

* preparing the assessment materials for shipment.

Decisions on exclusion were made in consultation with school staff and were guided by the
SD/LEP questionnaires completed by the school staff.
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Westat also hired and trained a state supervisor for each jurisdiction. The 1996 State
Assessment involved about the same number of state supervisors (Westat staff) as both the 1992
and 1994 assessments, since approximately the same number of jurisdictions were involved each
year. In addition, three troubleshooters were trained in case any state supervisor was unable to
complete their assignment. The primary tasks of the state supervisor were to:

» select the samples of students to be assessed;

» recruit and hire the quality control monitors throughout their jurisdiction;

e conduct in-person assessment administration training sessions; and

» coordinate the monitoring of the assessment sessions and makeup sessions.

Westat hired and trained six field managers for the State Assessment. Each field manager
was responsible for working with the state coordinators of seven to eight jurisdictions and for
overseeing assessment activities. The primary tasks of the field managers were to:

« obtain information about cooperation and scheduling;

* make sure the arrangements for the assessments were set and assessment
administrators identified; and

» schedule the assessment administrators training sessions.

In addition, Westat hired between four and six quality control monitors in each
jurisdiction to monitor assessment sessions.

4.3.2 Scheduleof Data Collection Activities

Mid-September 1995

October 1995

September - December 1995

November 9 - 12, 1995

November 17, 1995

Westat sent lists of sampled schools for the national and state
assessments and informational materials to the state coordinators.

Westat field managers visited individua jurisdictions to explain
the computerized state coordinator system, which was used to
keep track of assessment-related activities.

State coordinators obtained cooperation from districts and
schools. State coordinators reported participation status to Westat
field managers via computer files or printed lists. State
coordinators sent student listing forms and supplemental student
listing forms to participating schools.

State supervisor training.
Suggested cutoff for decisions on school participation and

submission of lists of grade-eligible students to state coordinators
for sampling purposes.
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December 4 - 15, 1995 NAEP supervisor visited state coordinators’ offices to select
student samples and prepare Administration Schedules listing the
students selected for each sample.

December 15, 1995 Westat delivered training session schedule and copies of
assessment administrator manuals to state coordinators for
distribution.

December 15, 1995 - State coordinators notified assessment administrators of the date,

January 15, 1996 time, and location of training and sent each a copy of the manual

for assessment administrators.
January 4 - 6, 1996 Training session for quality control monitors.

January 9 - 26, 1996 Supervisors conducted assessment administrator training sessions
throughout respective jurisdictions.

January 29 - March 1, 1996  Assessments conducted and monitored.

March 4 - 8, 1996 Makeup week for rescheduled assessments or completed
assessments requiring makeup.

4.3.3 Preparationsfor the State Assessment

The focal point of the schedule for the State Assessment was the period between January
29 and March 4, 1996, when the assessments were conducted in the schools. However, as with
any undertaking of this magnitude, the project required many months of planning and
preparation.

Westat selected the samples of schools according to the procedures described in Chapter
3. In mid-September 1995, lists of the selected schools and other materials describing the State
Assessment program were sent to state coordinators. Most state coordinators preferred that
NAEP provide a suggested assessment date for each school. School listings were updated with
this information and were sent to the state coordinators, along with other descriptive materials
and forms, by December.

State coordinators were also given the option of receiving the school information in the
form of a computer database with accompanying management information software. This system
enabled state coordinators to keep track of the cooperating schools, the assessment schedule, the
training schedule, and the assessment administrators. Coordinators could choose to receive a
laptop computer and printer or to have the system installed on their own computer. Westat field
managers traveled to the state offices to explain the computer system to the state coordinators
and their staff. Only one jurisdiction chose not to use the computerized system. In this case, the
state coordinator kept track of information on logs and lists provided by Westat. This printed
information was mailed to the field manager and dictated during a regularly scheduled telephone
conversation. The field manager then entered the data into the computer database, the data were
transmitted to Westat, and reports were produced.
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Six of the most experienced NAEP supervisors served as field managers, the primary
link between NAEP and the state coordinators. During late summer and early fall 1995, the field
managers received copies of all materials sent to state coordinators, developed a preliminary
Assessment Schedule for al schoolsin their jurisdictions, and became thoroughly familiar with
the computer system. As liaisons with the state coordinators, they visited each jurisdiction to
train staff in the use of the computer system. Later in the project schedule, they attended training
sessions for the supervisors and quality control monitors and also presented some of the training
material at each of these sessions.

The field managers used the same computer system as the state coordinators to keep
track of the schools and the schedule. The state coordinators sent updates via computer disks,
telephone, or print to their field manager, who then entered the information into the system.
Weekly transmissions were made from the field manager to Westat.

By November, Westat had hired one state supervisor for each participating jurisdiction.
The state supervisors attended a training session held November 9-12, 1995. Thistraining
session focused on the state supervisors’ immediate fagiadecting the student samples and
hiring quality control monitors. Supervisors were given the training script and materials for the
assessment administrators’ training sessions they would conduct in January so they could
become familiar with these materials.

The state supervisors’ first task after training was to complete the selection of the sample
of students who were to be assessed in each school. All participating schools were asked to send
a list of their grade-eligible students to the state coordinator by November 17. Sample selection
activities were conducted in the state coordinator’s office unless the state coordinator preferred
that the lists be taken to another location.

Using a preprogrammed calculator, the supervisors generally selected a sample of 30
students per session type per school with three exceptions: in schools with fewer than 30 students
in the grade to be assessed, all of the students were selected; in schools in which more than one
session was scheduled, 60 students (or some multiple of 30 students) were selected; and in
schools with no more than 33 students in the grade, all students were selected for the assessment.

After the sample was selected, the supervisor completed an Administration Schedule for
each session, listing the students to be assessed. The Administration Schedules for each school
were put into an envelope and given to the state coordinator to send to the school two weeks
before the scheduled assessment date. Included in the envelope were instructions for sampling
students who had enrolled at the schools since the creation of the original list.

During the months of November and December 1995, the state supervisors also recruited
and hired quality control monitors to work in their jurisdictions. It was the quality control
monitor’s job to observe the sessions designated to be monitored, to complete an observation
form on each session, and to intervene when the correct procedures were not followed. Because
earlier results indicated little difference in performance between monitored and unmonitored
schools, and in an effort to reduce costs, the percentage of public schools to be monitored was
maintained at 25 percent (i.e., the reduced monitoring rate initiated in 1994). The monitoring rate
for nonpublic schools was also reduced to 25 percent (from 50% in 1994, which was the first
year that nonpublic schools were assessed by NAEP). As has been customary in the past,
monitoring was conducted at 50 percent for jurisdictions that were new to the State Assessment
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in 1996. The schools to be monitored were known only to contractor staff; it was not indicated
on any of the listings provided to state staff.

Approximately 400 quality control monitors were trained in asession held in early
January 1996. Thefirst day of the training session was devoted to a presentation of the
assessment administrators’ training program by the state supervisors, which not only gave the
monitors an understanding of what assessment administrators were expected to do, but gave state
supervisors an opportunity to practice presenting the training program. The remaining days of the
training session were spent reviewing the quality control monitor observation form and the role
and responsibilities of the quality control monitors.

Almost immediately following the quality control monitor training, supervisors began
conducting training for assessment administrators. Each quality control monitor attended at least
two training sessions, to assist the state supervisor and to become thoroughly familiar with the
assessment administrator’s responsibilities. Most jurisdictions had approximately 14 training
sessions in which approximately 217 assessment administrators were trained. Almost 10,400
assessment administrators were trained by the time assessments began on January 29, 1996.

To ensure uniformity in the training sessions, Westat developed a highly structured
program involving a script for trainers, a videotape, and an example to be completed by the
trainees. The training package, developed for previous state assessments, was revised to reflect
the subjects and grades assessed in 1996. The supervisors were instructed to read the script
verbatim as they proceeded through the training, ensuring that each trainee received the same
information. The script was supplemented by the use of overhead transparencies, displaying the
various forms that were to be used and enabling the trainer to demonstrate how they were to be
filled out.

The videotape was also revised from previous versions to include information about
assessing both fourth- and eighth-grade students. The 1996 version of the video ran just over one
hour.

All of the information presented in the training session was included in Welstanisal
for Assessment Administrators. Copies of the manual were sent by Westat to the state
coordinators by December 15, 1995, so that they could be distributed to the assessment
administrators before the training sessions. The method of distribution and the amount of time
that the assessment administrators had to study the manual probably varied from jurisdiction to
jurisdiction. The majority of the assessment administrators appeared to have become at least
somewhat familiar with the manual prior to their training. The training stressed that answers to
all questions about procedures or forms could be found in the manual. In addition, assessment
administrators were provided with a toll-free number that could be used to contact Westat if they
had any procedural questions or were in need of additional materials. During the assessment
period, this telephone number was used extensively.

The entire training session generally ran for about one-half day until 2 p.m. including
lunch.
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4.3.4 Monitoring of Assessment Activities

Two weeks prior to the scheduled assessment date, the assessment administrator received
the Administration Schedule and assessment questionnaires and materials. Five days before the
assessment, the quality control monitor made a call to the administrator and recorded the results
of the call on the Quality Control Form for Monitored Schools because the assessment
administrators were not supposed to know in advance which sessions were designated to be
monitored. The pre-assessment call was conducted in exactly the same way regardless of whether
the school was to be monitored or not. For example, directions to the school were obtained even
if the school was in the unmonitored sample. Most of the questions asked in the pre-assessment
call were designed to gauge whether the assessment administrator had received all materials
needed and had completed the preparations for the assessment.

If the sessionsin a school were designated to be monitored, the quality control monitor
was to arrive at the school one hour before the scheduled beginning of the assessment to observe
preparations for the assessment. To ensure the confidentiality of the assessment items, the
booklets were packaged in shrink-wrapped bundles and were not to be opened until the quality
control monitor arrived or 45 minutes before the session began, whichever occurred first.

In addition to observing the opening of the bundles, the quality control monitor used the
Quality Control Form to check that the following had been done correctly: sampling newly
enrolled students, reading the script, distributing and collecting assessment materials, timing the
booklet sections, answering questions from students, and preparing assessment materials for
shipment. After the assessment was over, the quality control monitor obtained the assessment
administrator’s opinions of how the session went and how well the materials and forms worked.
The 14-section booklet, Quality Control Form for Monitored Schools, is included Refioet
on Data Collection Activities for the 1996 National Assessment of Educational Progress (Westat,
Inc., 1996).

If four or more students were absent from the session, a makeup session was to be held.
If the original session had been monitored, the makeup session was also monitored. This required
coordination of scheduling between the quality control monitor and assessment administrator.

4.3.5 Participation of Department of Defense Education Activity Schools (DoDEA)

The schools run by the Department of Defense at military bases and other installations
around the world participated in the NAEP State Assessment for the second time in 1996. The
participation of the selected schools was mandated by DoDEA. To accommodate the geographic
diversity of DODEA schools, some minor adaptations were made in the preparatory activities
used for the other jurisdictions.

The data collection in DoDEA schools was expanded in 1996 so that both DDESS and
DoDDS schools were surveyed. In 1994, only the schools at overseas installations were sampled
as part of the State Assessment. Also, DODEA chose to conduct science assessments at grade 4
(in other State NAEP schools, science was conducted only at grade 8) so that both mathematics
and science data were collected at both grades 4 and 8 in DoDEA schools.
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Many of the quality control monitors hired for the DoDEA schools were based oversess,
and many had previous experience working within the DoDEA system. They were referred to
Westat by DoDEA. All quality control monitors for the DODEA schools attended the quality
control training in Los Angeles and several assessment administrator training sessions in the
geographic areas in which they worked.

The samples of students to be assessed in the DODEA schools were selected in the
Westat home office, using standard NAEP procedures, from lists of students produced in the
DoDEA officesin Northern Virginia. Due to privacy concerns, only student ID numbers and not
student names appeared on the DoODEA lists. Thus, after sampling, the Administration Schedules
contained only the ID numbers, and the assessment administrators consulted school records and
added the names of the students to the Administration Schedules prior to the assessments.

Two field supervisors were hired specifically to conduct assessment administrator
trainings and monitor quality control monitorsin the DoDDS schools. The DoDEA liaisonin
Northern Virginia, who essentially functioned as the state coordinator, arranged the assessment
administrator training sessions, all of which were held in schools or other facilities on the bases.
In many cases, the quality control monitors were required to obtain special clearances through
DoDEA to visit the bases for training and the assessments.

The assessments in DoDEA schools were conducted using the same procedures asin al
State Assessment schools with the one exception that DoDEA included science assessments at
both grades 4 and 8.

4.3.6 Exclusion of Studentsfrom the Assessment

Due to recent interest in including as many students as possible in NAEP and other
educational assessments, efforts were initiated in the 1995 field test to explore the impact of
redefining the NAEP inclusion criteria for students with disabilities and/or limited English
proficiency (SD/LEP). Thisinvestigation was continued in 1996 in both the national and State
Assessments.

The approach taken in the 1996 State Assessment was to divide the school sample into
two, equal-size subsamples, referred to as S1 and S2. The schoolsin the S1 subsample were
asked to apply the “old” (used in previous years) inclusion criteria; the S2 schools received a
“new,” revised criteria. The assessment administration for a school assured that the appropriate
set of inclusion criteria were used in each school. Training of each member of the field staff
included information about the two sets of inclusion criteria. Figures 4-1 and 4-2 describe the
criteria for S1 and S2.

62



Figure4-1
Sl Criteria

A student identified on the Administration Schedule as LEP may be excluded from the
assessment if he or she:

1. isanative speaker of alanguage other than English,

2. hasbeen enrolled in an English-speaking school (not including a bilingual education
program) for less than two years, and

3. isjudged to be incapable of taking part in the assessment.

A student identified on the Administration Schedule as SD or an equivaent classification
may be excluded from the assessment if:

1. thestudent is mainstreamed less than 50 percent of the time in academic subjectsand is
judged incapable of participating meaningfully in the assessment, or

2. thelIndividualized Education Plan (IEP) team or equivalent group has determined that the
student is incapable of participating meaningfully in the assessment.

SD/LEP students meeting the above criteria should be assessed if, in the judgment of
school staff, they are capable of taking the assessment.

Figure4-2
K Criteria

A student who isidentified on the Administration Schedule as LEP and who is a native
speaker of alanguage other than English should be included in the NAEP assessment unless:

1. the student has received mathematics, science, and language arts instruction primarily in
English for less than three school years, including the current year, or

2. the student cannot demonstrate his or her knowledge of mathematics or science in English
without an accommodation or adaptation.

A student identified on the Administration Schedule as SD or an equivalent classification
should be included in the NAEP assessment unless:

1. thelEP team or equivalent group has determined that the student cannot participate in
assessments such as NAEP,

2. the student’s cognitive functioning is so severely impaired that she or he cannot partici
or

3. the student’s IEP requires that the student be tested with an accommodation or adapti
and the student cannot demonstrate his/her knowledge of mathematics or science with
accommodation or adaptation.

The school person most knowledgeable about each student classified as IEP or LE

should complete an SD/LEP Questionnaire about the student.

pate,

ation
out that
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The preliminary, unweighted proportion of students in the S1/S2 subsampling suggest
that applying the new (S2) or old (S1) criteriaresult in virtually no change in the proportions of
students excluded from the NAEP assessments as SD or LEP. For example, in grade 4 public
schools, in both subsamples, about 5.6 - 5.7 percent of the students were excluded as SD and
about 1.6 - 1.7 percent were consistently excluded as L EP students. The rates are slightly lower
for grade 8 public-school students(] just below five percent for SD exclusions, and about one
percent for LEP [0 and again consistent across the two subsamples. The rates for nonpublic
schools were lower still, that is, consistently less than half the size of the public-school rates and
very similar across the S1 and S2 subsamples.

4.3.7 School and Student Participation

Table 4-2 shows the results of the state coordinators’ efforts to gain the cooperation of
the selected schools. Overall, for the 1996 State Assessment in science, 3,926 public schools and
474 nonpublic schools for grade 8 participated.

Participation results for students in the 1996 State Assessment in science are given in
Table 4-3. Over 136,800 eighth-grade students were sampled. As can be seen from the table, the
original sample, which was selected by the NAEP state supervisors, comprised approximately
134,000 (or 98%) of the total number of students sampled for grade 8. The original sample size
was increased somewhat after the supplemental samples had been drawn (from students newly
enrolled since the creation of the original lists).

Table4-2
School Participation, 1996 State Assessment in Science

Grade8
Public Nonpublic
Number of schools in original sample 4,478 1,063
Number of schools not eligible 113 204
Number of eligible schools in original sample 4,365 859
Non-cooperating (e.g., school, district, or
state refusal) 560 277
Cooperating 3,805 582
Number of substitutes provided for non-
cooperating schools 408 152
Number of participating substitutes for non-
cooperating schools 121 16
Total number of schools participating (after
substitution) 3,926 474




Table4-3
Student Participation, 1996 State Assessment in Science

Grade8
Public Nonpublic

Number sampled 128,534 8,360

Original sample 125,750 8,277

Supplemental sample 2,784 83

Percent increase in original sample

by adding supplemental sample 2.2% 1.0%
Number (%) of originally sampled
students withdrawn 5,824 (4.6%) 135 (1.6%)
Number of students excluded® 7,452 44

Number (%) of sampled students

identified as SD 13,482 (10.5) 179 (2.1%)

Number (%) of sampled students

excluded as SD 6,127 (4.8%) 34 (0.4%)

Number (%) of sampled students

identified as LEP 2,991 (2.3%) 40 (0.5%

Number (%) of sampled students

excluded as LEP 1.464 (1.1%) 10 (0.1%)
Number of studentsto be assessed 115,258 8,181
Number of students assessed 104,998 7,805

Original sessions 103,549 7,763

Makeup sessions 1,449 42
Student participation rates

Before makeups 89.8% 94.9%

After makeups 91.1% 95.4%

1 T0 be excluded, a student had to be designated as SD or LEP and judged incapable of participating in the
assessment. A student could be identified as both SD and LEP, resulting in this number being less than the sum of the
students excluded as SD or LEP.

4.3.8 Resaultsof the Observations

During the assessment sessions, the quality control monitors observed whether the
assessment environment was adequate or inadequate based on factors such as room size, seating
arrangements, noise from hallways or adjacent rooms, and lighting. (If the room was unsuitable,
however, the quality control monitors did not routinely ask the assessment administrator to make
other arrangements.) Of the 3,776 monitored assessment sessions where quality control monitors
recorded an observation, the quality control monitors felt that 96 percent of the sessions were
held in suitable surroundings.

The Manual for Assessment Administrators encouraged assessment administrators to use
an assistant during the assessment session, a suggestion that came from the earliest state
assessment in 1990. To measure how frequently that advice was heeded, quality control monitors
noted whether an assistant was used in the monitored sessions. The results indicate that assistants
were used for 60 to 70 percent of the public-school sessions, with the largest percentage (66% -
70%) noted for grade 8 sessions. In nonpublic schools, however, an assistant was employed less
often (29% - 40% of the time), which is possibly areflection of fewer staff resources and
generally smaller session sizesin nonpublic schools. Assessment administrators used assistants

65



in varying capacities. The Manual for Assessment Administrators was very emphatic that only a
NAEP-trained person could actually administer the assessment session. Almost always, assi stants
helped to supervise the session and to prepare, distribute, and collect assessment materials and/or
booklets.

The assessment administrators were asked to estimate the total time that they spent on
the preparations for and the conduct of the assessment, including their attendance at the training
session. Estimates for 1996 were similar to those for 1992 because two subjects were assessed in
each of these years (compared to 1994 when only one subject was assessed). In 1996, a majority
of the assessment administrators with grade 4 sessions (63% in public and 82% in nonpublic
schools) stated that they spent less than 20 hours on the assessment. For grade 8, however, only
30 percent of the assessment administrators in public schools, compared to 73 percent of thosein
nonpublic schools, spent fewer than 20 hours. The variation in time distribution for grade 8
public schools, particularly compared to public schools at grade 4, is most likely due to the fact
that two session types (mathematics and science) were usually conducted by each grade 8
assessment administrator, but only one session type (mathematics) was held at grade 4. This does
not appear to hold true for nonpublic schools, however, where the distribution of time spent is
more similar for grades 4 and 8. It is evident that assessment administrators in nonpublic schools
spent fewer hours overall on the assessment than did assessment administratorsin public schools.
Potential explanations might be the generally smaller sessions sizesin nonpublic schools (i.e.,
fewer materials to prepare and ship) and the possibility that some grade 8 schools may have used
more than one assessment administrator with each assessment administrator conducting one
session (but compiling alarger total time for al sessions combined).

Quality control monitors reported that they observed the opening of assessment bookl et
bundles for 3,539 (or 89%) of the monitored sessions, and it is assumed that these bundles were
opened at the proper time. In two percent of the sessions, however, the bundle opening was not
observed due to quality control monitor error, (e.g., the quality control monitor was late, in the
wrong place, or miscommunicated with the assessment administrator); presumably, some (or
probably most) of these bundles were opened at the correct time. For another two percent of
sessions, the quality control monitors were unable to observe the bundle opening that occurred
early due to assessment administrator error (e.g., the assessment administrator misunderstood the
procedures, felt more time was needed, had scheduling conflicts, or needed to prepare for
multiple sessions starting at the same time). Information on the opening of the assessment
booklet bundles was not reported for the remaining seven percent of the monitored sessions.

When queried, the quality control monitors felt most positive about the attitudes of the
assessment administrators and somewhat less positive about the attitudes of other school staff
and the students towards the assessment.

Quality control monitors concluded the summary section by assigning afinal rating of
the assessment administrator’'s performance. With this rating, the quality control monitor
reconsidered the session from the vantage point of how well it would have gone without the
quality control monitor’'s presence. Eighty-four percent of the assessment administrators in
monitored sessions were self-reliant or needed to consult the quality control monitors for only
one or two minor items. Only about four or five percent had serious difficulty conducting the
session (that is, relied on the quality control monitor to initiate procedures or conduct the
session).
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After the conclusion of the assessment sessions, Westat mailed state coordinators a short
survey to obtain their reactions to the operations associated with the 1996 State Assessment and
any suggestions they had for improving the program. Thirty-seven state coordinators responded
by returning the survey or by providing their responses over the telephone. A detailed summary
of the state coordinators’ responses is contained iR¢hert on Data Collection Activities for
All Sates (Westat, Inc., 1996), which was distributed to state coordinators in October 1996.
Some of the responses from the state coordinators included:

Fifteen of the 37 reporting jurisdictions mandated participation in the 1996
State Assessment;

Seven jurisdictions reported that they helped gain the cooperation of
nonpublic schools. Most of these provided a letter from the state
superintendent of schools, and others answered questions.

Twenty-nine jurisdictions used the computer system throughout the field
testing period. Seven jurisdictions used the system initially but not
necessarily during the assessment period, and one jurisdiction did not use the
system at all. The jurisdictions seemed to be comfortable with the computer
system and were able to use it effectively. A fairly common suggestion was
to expand the documentation and capabilities regarding label production.

Of the jurisdictions reporting on staff time devoted to NAEP, state
coordinators spent an average of 34 days (ranging from 2 to 100 days) on
NAEP activities, and other staff spent an average of 28 days (ranging from 2
to 85 days).

Reactions to the 1996 State Assessment were quite positive. Twenty-five of
the 28 state coordinators who expressed an opinion said that the assessments
went “very well” or “well” O even though this was a challenging year in
terms of bad weather, missed instruction time, and school staff burden.
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Chapter 5

PROCESSING AND SCORING ASSESSMENT MATERIALS'

Patrick B. Bourgeacq, Charles L. Brungardt, and Brent Studer
National Computer Systems

51 OVERVIEW

This chapter reviews the processing and scoring activities conducted by National
Computer Systems (NCS) for the 1996 NAEP State Assessment. The 1996 assessment presented
the greatest challenge in processing and scoring NAEP data to date. For this assessment, NCS
was charged with processing and scoring the largest assessment in the history of NAEP in the
shortest amount of time. Further, image scanning processes, eliminating amost all paper
handling during scoring and improving monitoring and reliability scoring, increased to nearly
twice that of the 1994 assessment. In the early 1990s, NCS devel oped and implemented flexible,
innovatively designed processing programs and a sophisticated Process Control System that
alows the integration of data entry and workflow management systems to accomplish this work.

This chapter begins with a description of the various tasks performed by NCS, detailing
printing, distribution, receipt control, scoring, and processing activities. It also discusses specific
activitiesinvolved in processing the assessment materials, and presents an analysis of several of
those activities. The chapter provides documentation for the professional scoring effort [
scoring guides, training papers, papersillustrating sample score points, calibration papers,
calibration bridges, and interreader reliability reports. The detailed processing specifications and
documentation of the NAEP Process Control System are presented in the final sections of the
chapter.

5.1.1 Innovationsfor 1996

Much of the information necessary for documentation of accurate sampling and for
calculating sampling weights is collected on the Administration Schedules that, until 1993, were
painstakingly filled out by hand by Westat administrative personnel. In 1994, for the first time,
much of the work was computerized [1 booklets were preassigned and booklet 1D numbers were
preprinted on the Administration Schedule. When Westat personnel received the documents, they
filled in only the “exception” information. This new method also permitted computerized
updating of information when the Administration Schedules were received at NCS, eliminating
the need to sort and track thousands of pieces of paper through the processing stream.

The introduction of image processing and image scoring further enhanced the work of
NAEP. Image processing and scoring were successfully piloted in a side-by-side study conducted
during the 1993 NAEP field test, and so became the primary processing and scoring methods for
the 1994 and 1996 State Assessments. Image processing allowed the automatic collection of
handwritten demographic data from the administrative schedules and the student test booklet

! patrick Bourgeacq is the project director for scoring. All of the authors were involved in the processing and scoring
procedures for the NAEP State Assessments.
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covers through intelligent character recognition (ICR). This service was a benefit to the
jurisdictions participating in NAEP because they were able to write rather than grid certain
information 00 areduction of burden on the schools. Image processing also made image scoring
possible, eliminating much of the time spent moving paper as part of the scoring process. The
images of student responses to be scored were transmitted electronically to the scoring center,
located at a separate facility from where the materials were processed. This process enhanced the
reliability and monitoring of scoring and allowed both NCS and ETS to focus attention on the
intellectual process of scoring student responses (Johnson, 1994).

Tables 5-1 and 5-2 give an overview of the processing volume and the schedule for the
1996 NAEP State Assessment in science.

Table5-1
1996 NAEP State Assessment in Science Processing Totals

Document/Category Totals
Number of sessions 15,487
Assessed student booklets 356,447
Absent student booklets 27,743
Excluded student booklets 25,713
SD/LEP questionnaires 47,708
School questionnaires 9,470
Teacher questionnaires 39,311
Scanned documents 356,447
Scanned sheets 9,829,970
K ey-entered documents' 0

INo Braille booklets and only one large-print booklet were
received from the 1995 field test. Rather than key enter
only one booklet, the decision was made to bypass the key-
entry stage and let the scoring center score it directly from
the booklet. Thus, there were zero key-entered documents.
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Table5-2

1996 NAEP Sate Assessment, NCS Schedule

Planned Planned Actual Actual
Activity Start Date Finish Date Start Date | Finish Date

Printing 9/2/95 12/11/95 9/2/95 12/11/95
Grade 8 Teacher Questionnaires delivered
to NCS 10/12/95 10/12/95 10/16/95 10/16/95
Administration Schedule delivered to NCS 10/18/95 10/18/95 10/23/95 10/23/95
Grade 8 School Characteristics and Policies
Questionnaires at NCS 10/20/95 10/20/95 10/23/95 10/23/95
SD/LEP Roster delivered to NCS 10/20/95 10/20/95 10/24/95 10/24/95
Grade 4 School Characteristics and Policies
Questionnairesat NCS 10/20/95 10/20/95 10/25/95 10/25/95
Pre-packaging begins 10/23/95 12/20/95 10/16/95 12/1/95
Grade 8 science Teacher Questionnaires at
NCS 10/30/95 10/30/95 11/1/95 11/1/95
NCS/ETS meet to review items and scoring
schedule 11/2/95 11/3/95 11/2/95 11/3/95
Grade 8 science spiral material at NCS 11/6/95 11/13/95 11/13/95 11/21/95
State supervisor training 11/9/95 11/12/95 11/9/95 11/11/95
Administration Schedule address file from
Westat 11/20/95 11/20/95 11/22/95 11/22/95
95% session datafile of schoolsfrom 11/22/95 11/22/95 11/22/95 1/5/96
Westat
SD/LEP Questionnaire delivered to NCS 11/22/95 11/22/95 12/5/95 12/11/95
Grade 4 science spiral material at NCS 11/22/95 11/30/95 11/21/95 12/1/95
Print Administration Schedules 11/27/95 11/27/95 11/28/95 10/23/95
Ship Administration Schedules to Westat
state supervisors 11/29/95 11/29/95 11/28/95 1/26/96
All materials at NCS for packaging 11/29/95 12/1/95 12/1/95 12/15/95
State supervisor training materials shipped 12/15/95 12/15/95 12/13/95 12/13/95
School address file from Westat 12/18/95 12/18/95 11/29/95 11/29/95
Final packaging 12/26/95 2/3/96 12/26/95 2/7/96
Receiving 1/30/96 3/5/96 2/6/96 3/12/96
Processing 2/2/96 3/22/96 2/6/96 4/5/96
PSC selects science table leaders 3/1/96 3/1/96 2/1/96 2/28/96
Scoring training preparation 3/4/96 3/22/96 3/4/96 3/22/96
Scorers assigned to teams 3/11/96 3/11/96 3/11/96 3/11/96
Training and scoring 3/18/96 5/31/96 3/18/96 6/7/96
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Table 5-2 (continued)

1996 NAEP Sate Assessment, NCS Schedule

Planned Planned Actual Actual
Activity Start Date Finish Date Start Date | Finish Date

Weights data shipped - science grade 8 3/30/96 4/1/96 4/8/96 4/24/96
Weights data shipped - grade 4 3/15/96 3/18/96 3/28/96 4/22/96
Grade 4 science data tape sent to ETS 5/31/96 5/31/96 5/30/96 5/30/96
Grade 8 science data tape sent to ETS 5/31/96 5/31/96 6/26/96 6/26/96
School Characteristics and Policies
Questionnaires data tape shipped to ETS 7/11/96 7/12/96 7/11/96 7/11/96
Teacher Questionnaires data tape shipped 7/18/96 7/19/96 7/24/96 7/24/96
SD/LEP Questionnaires data shipped to ETS 7/26/96 7/29/96 8/7/96 8/7/96

52 PRINTING

521 Overview

For the 1996 NAEP assessments, 255 unigque documents were designed. NCS printed

more than 1,900,000 booklets and forms, totaling over 58 million pages.

Printing preparations began with the design of the booklet coversin June 1995. Thiswas
acollaborative effort involving staff from ETS, Westat, and NCS. Because the goal was to
design one format for use with all of the booklets, necessary data elements to be collected for the
different assessment types had to be agreed upon. In asimilar collaboration with ETS and
Westat, NCS prepared Administration Schedules and questionnaire rosters, and the camera-ready
copies for the documents were created and edited. The printing of assessment booklets,
questionnaires, and tracking forms for the main and state assessments was compl ete by
December 11, 1995.

5.2.2 State Assessment Printing

Camera-ready datafor all of the science blocks were created by ETS, as were some of
the directions and all of the background blocks. Because large numbers of documents were to be
printed in arelatively short period of time, preliminary composition work was begun by the NCS
printer in Columbia, Pennsylvania, and the required numbers of negatives for each booklet
component were made. Performing these preliminary tasks was crucial to meeting the delivery
schedule.

The actual assembly of booklets began after al